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INTRODUCTION 


Like many other wild members of the 
genus, the sibling Drosophila 
pseudoobscura and Drosophila persimilis 
are very imperfectly known ecologically. 
This situation has handicapped the de- 
velopment of new lines of approach to the 
evolutionary problems uncovered by ex- 
tensive cytogenetic studies of these species. 
A most critical and basic gap in this know!l- 
edge has been a lack of information con- 
cerning the normal feeding and breeding 
sites of these species in nature. 

Carson and Stalker (1950, 1951) have 
recently found that Drosophila robusta, a 
typical wild inhabitant of the deciduous 
forest of the eastern United States, breeds 
abundantly on yeast- and bacteria-infected 
sap exudations, or “slime fluxes” of elms 
and twelve other species of deciduous 
trees. Drosophila victoria,, D. melanica 
and several other species were also found 
breeding in such sites. Although it is well 
known that certain members of the obscura 
group are attracted to exuding sap (Duda, 
1924; Sturtevant, 1942), they have been 
observed to be breeding in such locations 
Gordon 


species 


in three isolated instances only. 
(1942) reared D. obscura from a slime 


Evotution 5: 91-96. June, 1951. 


flux of an elm in Britain and Dobzhansky 
and Epling (1944) cite two instances from 
California in which D. pseudoobscura was 
reared from larvae collected in the infected 
sap of a bleeding grapevine, Vitis cali- 
fornica (observation of A. H. Sturtevant), 
and from a slime flux of the exotic tree, 
Cedrus deodara. In the hope that the 
above facts might provide a clue to the 
natural breeding sites of Drosophila pseu- 
doobscura and Drosophila persimilis in 
the western United States, a preliminary 
study of the fauna of slime fluxes of native 
trees in the vicinity of Mather, Tuolumne 
Co., California was made during the month 
of July, 1950. 

SITES 


OBSERVATIONS ON BREEDING 


The major flora of the Mather area, 
which is located in the magnificent Transi- 
tion forest of the Sierra Nevada range at 
an altitude of 4,600 feet, has been de- 
scribed by Clausen, Keck, and Hiesey 
(1940). The most widespread and char- 
acteristic deciduous tree of the upland 
forest is the California Black Oak, Quer- 
cus kelloggu. Particular attention was 
focussed on this species as previous studies 
by Dobzhansky and Epling (1944) have 
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TABLE 1. Species of Drosophila breeding and feeding on the slime fluxes of the Califcrnia Black Oak 
(Quercus kelloggii) mear Mather, California. July 1950 








No. of fluxes in 


No. of feeding adults captured: 








which species was on 9 selected on flux on flux 
Species of Drosophila breeding fluxes no. 5 no. 8 
pseudoobscura and/or persimilis 17 152 92 51 
pseudoobscura 7 46 30 5 
persimilis 3 17 1 
victoria 10 25 13 4 
californica 7 4 3 1 
subfunebris — 4 3 — 
pinicola — 1 — — 
buscktt — 1 a 
No. of fluxes studied 40 Total: 187 111 57 





indicated that banana traps placed near 
oaks attract a suggestively large number 
of D. pseudoobscura. The trunks of 203 
specimens 12 inches or more in diameter 
were closely examined from ground level 
to a height of approximately six feet. 
Forty slime fluxes were found ; thus, about 
20% of the oaks had active and readily 
studied slime fluxes on the lower part of 
the main trunk. Dried or tacky areas and 
moist, rotting tree-holes were not counted. 
Unlike the fluxes of elms, those of Quercus 
kelloggu usually develop in longitudinal 
fissures in the bark. The fluid sap 
emerges at the top of the crack and seeps 
downward; a glutinous, dark brown slime 
is commonly found six to eight inches 
below the fluxing point. Usually, but by 
no means exclusively, the slime develops 
deep in the fissure and may be observed 
on the lateral edges of the overlying bark 
only by peering into the crack with the 
aid of a flashlight. In some cases, large 
quantities of fluid accumulate in necrotic 
pockets beneath the externally intact bark. 
In all active slime fluxes, fluid from the 
trunk constantly seeps into and through 
the area of slime, often resulting in drip 
pools on the forest floor. 

Slime fluxes of Quercus kelloggt do 
not occur at random. Where the trees 
are growing on open hillsides and are un- 
crowded, significantly fewer fluxes are 
found; on the other hand they appear to 
be most abundant in areas where a suc- 
cessional change unfavorable to the oaks 


is occurring. In the Mather area, the 
succeeding species is most often the In- 
cense-Cedar, Libocedrus decurrens. 

Detailed examination of the fauna of 
the slime areas was made by collecting 
samples of the slime in shell vials or intact 
on pieces of bark and subsequently search- 
ing this material with the aid of a binocular 
microscope. Eggs, larvae or pupae of 
Drosophila were transferred to standard 
cornmeal-Karo-agar medium to which a 
suspension of fresh yeast had been pre- 
viously added. Emerging adults were 
subsequently identified. D. obscura-group 
flies were mated to stock D. pseudoobscura 
and the usual cytological or genetic test 
made for the determination of species (see 
Dobzhansky and Wright, 1947). Thuis 
procedure is necessary as D. pseudo- 
obscura and D. persimilis cannot be dis- 
tinguished by gross morphology.* Un- 
fortunately, many of the cultures became 
infested with molds, nematode worms. 
mites and bacteria which were unavoid- 
ably transferred from the slime flux with 
the larvae. This, together with the fact 
that some larvae, especially the larger 
ones, often died shortly after transfer, re- 
sulted in the loss of a considerable num- 
ber of individuals. 

The general results of these observa- 
tions are given in the first column in the 
body of table 1. D. pseudoobscura and/or 


1 Rizki (1951), however, has recently demon- 


strated a morphological difference in the male 
genitalia. 





D. persimilis was found breeding in a little 
less than half of the fluxes studied. Ex- 
cept in two cases, in which identification 
was made from pupae only, adult flies 
were reared. Of 48 D. obscura-group 
flies so reared, 22 were tested as to species ; 
16 of these proved to be D. pseudoobscura 
and 6 D. persimilis. In two instances 
both of these species were bred from the 
same slime flux from material collected 
on the same day. D. persimilis was found 
alone once and D. pseudoobscura alone 
five times. Either D. victoria or D. cal- 
ifornica or both were found breeding in 
the same flux along with D. pseudoobscura 
and/or D. persimilis in 11 instances. It 
was possible, in two cases, to prove that 
a slime flux was being or had been utilized 
by all four species. The developmental 
stages found at any one time, however, 
indicate that oviposition by females of the 
different species commonly occurs at dif- 
ferent times. One flux, for example, con- 
tained many empty pupal cases of D. 
pseudoobscura and/or D. persimilis and 
D. californica, whereas D. victoria was 
represented only by large masses of its 
characteristic 6-filamented eggs, most of 
which were unhatched. 

A number of the slime fluxes of Quer- 
cus kelloggt are clearly unsuitable, tem- 
porarily at least, for the breeding of 
Drosophila. Thus repeated attempts to 
find Drosophila in certain fluxes met with 
failure; such places were either relatively 
small or were so situated on the trunk 
that the formation of slime apparently did 
not take place readily. It is of particular 
interest to note that the situation on Quer- 
cus kelloggtt fluxes is similar in this re- 
gard to that found for D. robusta on elms. 
Drosophila in both cases has been found 
almost exclusively associated with a char- 
acteristic type of soft, brown slime flux. 
Apparently when conditions are unfavor- 
able for the development of this particular 
type of as yet unspecified microbiological 
condition, oviposition by Drosophila does 
not occur, despite the fact that a large 
wet area on the trunk is available. Thus, 
fluid areas even a few inches above or 
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below larvae-containing slime, sap pools 
and leaf mold moistened by dripping flux 
consistently contained no immature stages 
of Drosophila. 

During the month of July, several new 
fluxing spots were observed and only two 
of the places originally noted had dried up 
a month later. Mr. A. Sokoloff, who ex- 
amined a number of the fluxes in late 
August, reports that they were still active 
at that time and that Drosophila were still 
in evidence. 

Concerted efforts were made to find 
other hosts for Drosophila both at Mather 
and in adjacent altitudinal zones in the 
Sierras. A number of other species of 
trees in the general area form slime fluxes: 
most prominent among these is the White 
Fir, Abies concolor. Of 219 specimens 
examined, 21% showed large active slime 
fluxes. Despite intensive examinations 
made of these places, in only one instance 
was any stage of Drosophila found; this 
was a pupa from which a fly emerged 
which proved to be D. pseudoobscura. 
Although large, dripping fluxes are abun- 
dant on Abies concolor, there is rarely 
developed any slime of the peculiar tex- 
ture and physical consistency with which 
the breeding of Drosophila on tree fluxes 
has so far been associated. Despite the 
heavy odor of fermentation associated 
with Abies flux, the abundance of flies 
in the woods and repeated visits for the 
purpose, only a single adult fly (D. vte- 
foria) was captured on or near these 
places. 

Other Transition, Canadian and Upper 
Sonoran Zone trees studied, the number 
examined, and the per cent of active slime 
fluxes found on the lower trunk are as 
follows: Alnus rhombifolia (54: 28%); 
Salix sp. (62; 14%) ; Populus trichocarpa 
(3 specimens; 2 fluxes); Populus trem- 
uloides (81; 1 flux); Quercus douglast 
(157; 4% Quercus chrysolepis (105; 
5%): and Pinus ponderosa-jeffreyt (298; 
1 had a peculiar mycelial slime). Species 
showing nothing resembling slime flux 
and the number examined are : Sequoia 
gigantea (5), Pinus contorta (214), Abtes 
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magnifica (270) and Acer macrophyllum 
(5). In all the above counts, the trunk 
was examined only up to six feet above 
the ground; dried fluxes, tacky or resin- 
ous exudations and rotting, moist tree- 
holes are riot included. Save for a single 
empty puparium of D. victoria, found on 
a dry flux of Quercus douglasi, no im- 
mature stages of Drosophila were found. 

The above observations might be taken 
as strong evidence that none of these 
trees serves as a host for Drosophila were 
it not for the possibility that several of 
them may serve as hosts at a different 
season of the year. Thus, the examina- 
tions of Q. douglasi and Q. chrysolepis 
were mostly made in the hot, dehydrated 
Upper Sonoran valley near Jacksonville. 
in Stanislaus ‘County, well below the al- 
titudinal range of Q. kelloggti. Although 
slime fluxes were very infrequent on these 
species when the examinations were made 
(July 5), there was considerable evidence 
of former active fluxes which had since 
dried. The Drosophila populations in this 
area, as measured by banana trap collec- 
tions, are large during spring and autumn 
but contract during the hot period of the 
summer (Dobzhansky, 1948). Such a 
contraction may be due to drastic reduc- 
tion in breeding and feeding sites on either 
or both of these species of oaks, although 
the possibility of other, as yet undiscovered 
sites remains open. 

Whether the breeding sites found for D. 
pseudoobscura and D. persimilis in the 
vicinity of Mather are numerous enough to 
support the observed populations without 
requiring the existence of undiscovered 
sites must remain an open question. No 
reliable estimate of the total number of flies 
contributed to the adult population by a 
given slime flux is possible from the pres- 
ent data. The number of pupal cases found 
at any one time on a single flux varied from 
one to over a hundred. It should be re- 
membered, furthermore, that observations 
were almost wholly confined to fluxes oc- 
curring on the main trunks of the trees 
up. to a height of six feet. No systematic 


observations on the vertical stratification 
of slime fluxes were made. 

Both D. pseudoobscura and D. per- 
similis are widely distributed in western 
North America and extend both altitudi- 
nally and geographically far beyond the 
ranges of the two host species of trees de- 
scribed in this paper. D. pseudoobscura, 
for example, may be captured in such di- 
verse ecological situations as pure stands of 
Pinus jeffreyi, and at timberline in the 
Hudsonian Zone. This species, further- 
more, reaches very high population den- 
sities in the pifon-juniper association, as 
at Pion Flats on Mt. San Jacinto, Cali- 
fornia (Wright, Dobzhansky and Hovan- 
itz, 1942). The existence of other, as 
yet unknown, breeding sites is thus 
mandatory. 


OBSERVATIONS OF FEEDING FLIES ON 
QUERCUS KELLOGGII 

Concentrated efforts were continually 
made during the study to collect as many 
adult flies as possible directly from the 
slime fluxes of Quercus kelloggu. This 
was done by making a cautious approach 
to the tree in question and imprisoning 
any adults present under a glass vial. <Al- 
though such a procedure was inefficient, 11 
made possible observations of the behavior 
of the flies present prior to catching them; 
many places, furthermore, were incon- 
veniently located for the use of a net 

Generally, very few slime fluxes ap- 
pear to be attractive to adult flies, this 
being especially true for those fluxes con- 
taining larvae and pupae. In order that 
this striking fact could be more satis- 
factorily documented, nine large con- 
veniently located fluxes, six of which had 
been or were subsequently proved to be 
breeding sites for D. pseudoobscura and 
or D. perismilis, were selected and regular 
collecting visits made to them during the 
month of July. On each collecting foray, 
an attempt was made to visit each one of 
the nine. The results of these collections 
are given in the last three columns of table 
1. It is of particular note that of the total 
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number of D. pseudoobscura and/or D. 
persimilis captured (152), all but nine 
were caught on two of the fluxes (no. 5 
and no. 8). These fluxes were thus con- 
sistently attractive throughout the study 
period, whereas other closely adjacent 
fluxes, despite the fact that they contained 
abundant slime and/or immature stages 
of Drosophila, attracted only an occasional 
fly. 

Among the D. pseudoobscura-persimilis 
captured on fluxes 5 and 8, males were 
predominant; thus only 37 or 26% of the 
specimens from these two places were 
females. A third possibly — significant 
specificity may also be mentioned, namely, 
that flux no. 8 appeared to attract pro- 
portionately more persimilis than flux no. 
5. (Thus, out of 26 flies tested from no. 
8, 11 were persimilis, whereas only 4 out 
of 30 were recorded from no. 5.) It is 
possible to state, however, that adults of 
both species occurred together on both 
fluxes at the same time of day. 

Although critical evaluation of the above 
data is difficult because of their paucity, 
they nevertheless closely parallel the ob- 
servations made on the relationship of 
Drosophila robusta to slime fluxes by 
Carson and Stalker (1951). This latter 
species feeds on a wide variety of materials 
in nature but oviposition appears to be 
almost wholly restricted to slime fluxes 
of a certain critical type. This fact led 
these authors to suggest that a distinction 
be made between “feeding sites” and 
“breeding sites” in considering the nutri- 
tive and breeding aspects of the ecology 
ot Drosophila. Absolute separation of 
such activities would not, of course, be 
realized; the distinction, however, serves 
to emphasize that the observation of a 
number of individuals congregated about 
and feeding upon any native material does 
not tpso facto prove that these forms are 
breeding there. 

In the application of the above idea to 
the present case, it is suggested that each 
bleeding spot may have its own muicro- 
ological ontogeny, involving a succes- 
sional change in microflora. Such a suc- 


cession might consist essentially of three 
phases. With the rise of a certain micro- 
organism or group thereof, the flux might 
serve to attract feeding flies, only later 
reaching a condition suitable for oviposi- 
tion. During this latter period it might 
have a somewhat selective attractivity 
for ovipositing females. As the larvae in 
the flux grow, a third condition may be ap- 
proached wherein few if any flies would 
be attracted. The facts available for both 
Drosophila robusta and the western species 
discussed here are consistent with this 
general hypothesis. 

The relative abundance of the different 
species of Drosophila recorded from slime 
fluxes is interesting when comparisons 
are made with collections using banana 
or yeast-culture baits in the same area 
(see accompanying article by Da Cunha, 
Dobzhansky and Sokoloff). The most 
striking fact is that Drosophila azteca, 
which comprises about 30% of the total 
caught in banana traps set in the same 
area, was not recorded at all from slime 
fluxes (table 1). D. occidentalis, which 
makes up about 1.5%, is also absent from 
flux collections. D. pseudoobscura and 
D. persimilis are thus proportionately very 
high in the collections from flux. On the 
other hand, D. victoria, which rarely ex- 
ceeds 1% in banana trap collections, com- 
prised 25 or 13.4% of the specimens 
captured on oak flux. In the eastern 
United States, Carson and Stalker (1951) 
have found that a similar situation exists 
with regard to D. victoria, which is en- 
countered much more frequently on elm 
flux than would be expected from banana 
trap collections. Conversely, the eastern 
representatives of the D. affinis subgroup, 
to which D. asteca belongs, are rarely 
attracted to oak or elm flux. 

The above facts indicate that the micre- 
hiological flora of breeding or feeding sites 
has differential qualities of attraction for 
different species of Drosophila, a situa- 
tion which is probably responsible in 
large measure for the ecological separa- 
tion of sympatric species in nature. The 
experiments of Da Cunha et al. are in full 
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accord with this view and further indicate, 
as do the observations on unoccupied and 
non-attractive fluxes, that the specificities 
involved lie primarily with the microflora 
rather than with the basic carbohydrate 
substrate which the tree flux provides. 


SUMMARY 


Infected sap exudations, or slime fluxes, 
of Quercus kelloggti constitute important 
natural breeding and feeding sites for 
Drosophila pseudoobscura and Drosophila 
persimilis near Mather, California. Abies 
concolor can also serve as a host for the 
former species. Ecological separation of 
the two species in the Mather area appears 
to be weak, inasmuch as both species feed 
and breed side by side on the same fluxes. 
Competition for breeding sites exists be- 
tween these species and D. victoria and 
D. californica. By no means all slime 
fluxes are occupied, and oviposition ap- 
pears to occur only on those which are in 
a critical microbiological condition. 

Certain slime fluxes attract large num- 
bers of feeding flies, whereas others, espe- 
cially those already containing large larvae 
and pupae, attract very few. It is sug- 
gested that these specificities, as well as 
the fact that D. asteca is absent in collec- 
tions from such sites, are due to the spe- 
cific changing microbiological character- 
istics of the flux, rather than the subtrate. 
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INTRODUCTION 

Related sympatric species compete with 
each other for a limited variety of habi- 
tats which occur in the country which 
they inhabit. Natural selection tends, 
however, to lessen the competition by way 
of specialization of sympatric forms. <A 
relatively steady state is reached when 
sympatric species subdivide among them- 
selves the available ecological niches. 

Usually more than one, and often sev- 
eral dozen, sympatric species of Drosoph- 
ila occur in temperate and tropical lands 
(Patterson and Wagner 1943, Dobzhan- 
sky and Pavan 1950). 


which these species are competing or 


The degree to 


specialized has, however, remained ob- 
scure, because very little has been known 
about their food, breeding places, and 
shelters. Thus, although the population 
genetics of Drosophila pseudoobscura and 
Drosophila persimilis has been studied 
rather extensively for at least seventeen 
vears, the eggs, larvae and pupae of these 
species have never been found under 
strictly natural conditions, despite repeated 
efforts, (Dobzhansky and Epling 1944). 
This situation has become radically al- 
tered, thanks to the work of Carson (see 
the preceding article). Carson’s dis- 
covery opens most interesting possibilities 
for studies on genetics and ecology of 
Drosophila populations. 

In the present article we wish to re- 
port the outcome of an exploratory study 
of differential attractivity of different spe- 
cies of yeasts to Drosophilae which occur 
near Mather, in the Sierra Nevada of 
California. This is the same locality 
where Carson’s work has been done. 
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THE EXPERIMENT 

The yeasts used in our experiments 
were isolated from crops of Drosophila 
flies caught at Mather on July 8th and 
28th, 1950. The flies used for this pur- 
pose were attracted to cups with stand- 
ard banana bait. To prevent the flies 
from gaining direct access to and ingest- 
ing the bait, the cups were provided with 
wire screen or cheesecloth covers. The 
flies caught were dissected, and the con- 
tents of their crops plated on Petri plates 
with propionated malt agar. Single col- 
onles of various yeast species were isolated, 
and pure strains established on slants of 
malt agar. 
veasts from the closely related species of 


Our purpose was to isolate 


the obscura group, namely PD). pseudo- 
obscura, D. persimilis and D. azteca. D. 
asteca is easily identified morphologically, 
but the other two species can not be dif- 
ferentiated by inspection of externally 
visible traits. The technique adopted was, 
Freshly caught 
wild males were introduced singly into 


accordingly, as follows. 


clean vials with several aged virgin females 
of a stock of D. persimilis. The behavior 
of the flies was watched. When copula- 
tion occurred, the male partner was killed 
and his crop examined for yeasts. The 
female partner was transferred to culture 
bottles, and allowed to produce offspring. 
Examination of the F, males disclosed 
whether they were species hybrids or pure 
D. persimilis. The species of the father 
can easily be deduced. D. persimilis fe- 
males copulate more readily with their 
own males than with D. pseudoobscura; 
since yeasts were extracted from males 
which were observed to copulate with 
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D. persimilis females, no D. pseudoobscura 
happened to be present among the males 
tested. 

In all, the microflora of 6 D. persimilis 
and 6 D. azteca males was examined. In 
11 of the 12 cases, the crops contained 
living yeasts, or bacteria, or both. At 
least 9 species of yeasts were isolated 
from D. persimilis, and at least 3 from 
D. azteca. Most flies contained more than 
a single species of microorganism, but only 
some of the species of the latter occurred 
in more than a single fly. Thus, no single 
species of yeast was particularly wide- 
spread in the small sample of the flies 
which we examined. 

We are indebted to Dr. El Tabey She- 
hata for the following determinations of 
the yeast species which we have used in 
the experiments described below. 


Yeast no. Scientific name 
197 Mycoderma vini 
203 Zygosaccharomyces marxianus 
209 Candida tropicalis 
215 Zygosaccharomyces pastori 
216 Zygosaccharomyces drosophilae 
218 Hansentaspora melligeri 
219 Kloeckera lindneri 


The only yeast used which was not 
isolated from a fly’s crop is Mycoderma 
vini (No. 197). It came from a slime flux 
on an oak tree, which did, however, con- 
tain larvae of Drosophila pseudoobscura 
and /or D. persimilis (see Carson's article). 
As will be shown below, this yeast has 
failed to attract flies in our experiments. 
It may be noted here that one of the 
physiological peculiarities of this yeast 1s 
its inability to ferment dextrose. 

The yeast strains which were to be used 
in experiments on fly attraction were mul- 
tiplied in a liquid medium, which con- 
tained 6.7 gr. of Difco yeast nitrogen base 
and 50 gr. of dextrose per liter. The 
medium has very little, if any, smell of its 
own. The yeasts were allowed to grow 
for 24 to 48 hours. The yeast suspensions 
were then poured on sterile absorbent cot- 
ton placed in the plastic cups which are 
used as Drosophila traps. The different 





yeasts have quite perceptible, and often 
distinctive, smells. Banana pulp fer- 
mented with Fleischmann’s yeast, and 
Fleischmann’s yeast (Saccharomyces cere- 
visiae) grown on the nitrogen base me- 
dium, were used for controls. Nine or 
twelve traps with each kind of attractant 
were used on each collecting day (for col- 
lecting technique, see Dobzhansky and 
Epling 1944). The traps were placed 
chiefly near trees, the distances between 
neighboring traps being 10-30 meters. 
To exclude the possibility that local con- 
centrations of various species of Droso- 
phila may influence the proportions of the 
species in some of the traps, the positions 
ot the different attractants were rotated 
on the successive days of collecting. Two 
experiments were made—one on July 
25-28th, and the other on August 18-27th. 


Found in 


Slime flux on oak, Quercus Kellogii 
Drosophila persimilis 

Drosophila persimilis 

Drosophila persimilis 

Drosophila azteca 

Drosophila asteca 

Drosophila azteca 


Since the population densities of the dif- 
ferent species at Mather have changed 
during the interval between the experi- 
ments, the data obtained in the two ex- 
periments are presented separately in 
tables 1-3. 

It is clear that the different baits at- 
tract both qualitatively and quantitatively 
different samples of Drosophila. Banana 
bait fermented with Fleischmann’s yeast 
is unquestionably most efficient—it has 
attracted, on the average, 28 flies per day 
per trap exposed. The Fleischmann’s 
yeast control is next in attractiveness to 
the flies, with 15 flies per trap. On the 
opposite extreme, no flies at all visited 
yeast No. 197. 

Nine species of Drosophila and one of 
Aulacigaster came to the banana _ bait. 
Other baits caught fewer species. No 
species was collected on any bait which 
did not also visit banana. Another inter- 
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TABLE 1. Percentages of different species amongst 
the Drosophilids attracted to different yeasts 
in the first experiment 








| | | 
Banana | 








Drosophila cinch. | 208 | 209 | 215 
mann 

pseudoobscura + persimilis 
" +asteca 2 F 52.6 | 28.7 | 41.0 | 38.5 
pseudoobscura + persimilis 

Jo 27.8 65.1 | 27.9 | 30.8 
azteca oS 15.2 5.4 24.6 | 30.8 
ccidentalis 1.8 — —_|j— 
californica 0.9 — — | 
victoria 0.3 — — — 
Aulacigaster sp. 1.3 0.8 6.6 - 
Traps exposed 24 24 24 24 


Total flies caught 663 129 61 13 








esting peculiarity of the banana bait was 
that it attracted approximately equal num- 
bers of females and males of the obscura 
species group, while baits which con- 
sisted of yeasts alone were visited by more 
males than females. Indeed, in the sec- 
ond experiment the sex-ratio varied from 
1: 1.36 on banana bait to 1: 2.96 on yeast 
No. 218. No records of sex-ratio were 
unfortunately kept for species other than 
those of the obscura group. 

More interesting for our purpose is the 
differential attractiveness of the different 
yeasts to Drosophila species. It should 
he remembered that yeasts Nos. 203, 209, 
and 215 were isolated from D. persimilis, 
while Nos. 216, 218, and 219 came from 
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D. azteca stomachs. The rations of the 
numbers of azteca males to the sum of 
pseudoobscura and persimilis males are 
as follows: 


First experiment Second experiment 


Banana—1:1.8 Banana —1:1.4 No. 216—1:0.98 
No, 203—1:12.1  Fleischmann—1:1.3 No. 218—1:1.1 
No. 209—1:1.1 No. 203 —1:4.0 No. 219—1:0.67 


It is probably more than a coincidence 
that the highest relative frequencies of D. 
asteca were observed on the three yeasts 
isolated from that species, that the lowest 
frequency was found on yeast No. 203 
isolated from D. persimilis, while the ba- 
nana bait and the commercial Fleisch- 
mann’s yeast gave intermediate results. 
The correlation is made imperfect by the 
D. persimilis yeast No. 209 attracting 
about equal numbers of D. azteca males 
and of those of the obscura group. It 
should, however, be noted that the latter 
is represented by two species, D. pseudo- 
obscura and D. persimilis, and that yeast 
No. 209 is much more attractive to the 
latter than to the former (table 3). 

To distinguish D. pseudoobscura and 
D. persimilis among the females collected, 
the chromosomes in the larval salivary 
glands in their offspring were examined. 
The wild males were crossed to known 
D. persimilis females and the testis size 


Percentages of different species amongst the Drosophilids attracted 
to different yeast in the second experiment 














TABLE 2. 
Drosophila Flasch. — 
mann 
pseudoobscura + persimilis 36.9 20.9 
azteca 2 9 
pseudoobscura + persimilts 29.2 41.8 
oo" 
asteca oo" 20.8 33.3 
occidentalis 1.5 1.1 
pinicola 0.7 — 
californica 1.1 | 0.6 
victoria 1.3 | — 
subfunebris 11 | 
melanogaster 0.02 | 0.6 
Aulacigaster sp. 7.2 | 1.7 
r'raps exposed | 63 | 12 
lotal flies caught | 1781 | 177 | 





197 203 216 218 | 219 

— 26.1 25.1 | 244 | 28.9 

— 57.9 | 33.8 | 37.5 22.7 

14.4 | 34.3 34.7 34.0 

0.6 1.9 | 0.6 1.0 

0.02 2.7 -_ 1.0 

0.3 ani 

- 1.1 4.1 

: 0.8 0.8 - | 1.0 

- - - 2.8 7.2 
os i go | 30 65 
0 506 367 | «176 97 
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TABLE 3. Percentages of Drosophila pseudoob- 
scura and Drosophila persimilis om various batts. 
Letters P and A after the number of the yeasts indi- 
cate yeast isolated from Drosophila persimilis and 
Drosophila azteca, respectively 


| 








D. pseudo- | D. per- | Flies ex- 





Bait of yeast no. | obscura | similis | amined 
Banana+Fleischmann's | 70.2 29.8 | 57 
(1st Experiment) 
No. 203 (P) 62.5 | 37.5 64 
No. 209 (P) 345 | 655 | 29 
Banana +Fleischmann's 48.9 $1.1 141 
(2nd Experiment) 
Fleischmann’s 57.8 42.2 64 
No. 203 (P) 55.5 | 44.5 | 146 
No. 216 (A) 70.4 | 296 | 81 
No. 218 (A) 69.0 6©| 31.0 | 58 
No, 219 (A) 21.1 78.9 | 19 





was noted in the F, sons (see Dobzhan- 
sky and Epling 1944). The results are 
summarized in Table 3. In the First Ex- 
periment, the highest proportion of D. 
persimilis was found on yeast No. 209, 
while yeast No. 203 is not significantly 
different from the banana bait. In the 
Second Experiment, yeast No. 219 has 
attracted most D. persimilis in relation to 
D. pseudoobscura; this yeast, isolated 
from D. azteca, is in general a weak at- 
tractant (see table 2). Banana _ bait, 
Fleischmann’s yeast, and yeast No. 203 
are about alike, while Nos. 216 and 218 
(isolated from D. azteca) are relatively 
more attractive to D. pseudoobscura than 
to D. persimilis. 

Tables 1 and 2 include data for some 
relatively rare species which were attracted 
to the yeast baits. Among these species, 
D. pinicola seems to have visited most 
frequently yeast No. 216, D. subfunebris 
yeast No. 219, and Aulacigaster sp. Nos. 
209 and 219. Other species were too rare 
to reveal their food preferences. 


CONCLUSIONS 

Wagner (1944, 1949) showed the Dro- 
sophila mulleri can complete its larval 
development on every one of the eight 
species of yeasts which he has tested, 
while D. aldrichi develops normally on 
only five of the same yeasts. The food 
requirements of D. mojavensis and of D. 
bussati differ from those of the species 
named above and from each other. Buz- 





zati-Traverso (1949) found that adult 
Drosophila subobscura is attracted, in 
laboratory experiments, to some yeasts 
in perference to others. Dobzhansky and 
Pavan (1950) observed that populations 
of Drosophila in Brazil occur in their nat- 
ural habitats on a large variety of fruits. 
Nevertheless, most species of Drosophila 
prefer some fruits to others, and different 
species often differ in their preferences. 
Experiments described in the present ar- 
ticle show that the species of Drosophila 
which inhabit the Transition Zone of the 
Sierra Nevada of California are also dif- 
ferentiated with respect to their food pref- 
erences. This differentiation does not, 
however, amount to a rigid specialization. 
At least the common species of Drosophila 
were attracted to all the yeasts with which 
we experimented (with the exception of 
No. 197, which, as indicated above, does 
not ferment dextrose, and which, conse- 
quently, did not grow well in the nutrient 
medium used). It is also not surprising 
that such “foreign” substances as banana 
bait and Fleischmann’s yeast attract ap- 
parently all the representatives of the 
genus Drosophila which live in the Sierra 
Nevada (although not necessarily in pro- 
portion to their abundance in the collecting 
locality). Indeed, natural selection tends 
to lessen the competition among sympatric 
species by making them prefer different 
foods normally found in their environ- 
ment. But it is probably advantageous 
that the specialization should not be rigid, 
so that in case of failure of the preferred 
food supply the species might subsist for a 
time on other foods. 


SUMMARY 

Several species of yeasts were isolated 
from the crops of Drosophila persimilis 
and D. azteca. Suspensions of these 
yeasts were then used as baits to attract 
Drosophila flies near Mather, in the Sierra 
Nevada of California. Banana fermented 
with Fleischmann’s yeast was used as con- 
trol bait. The different yeasts have shown 
differential attractiveness to different spe- 
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cies of Drosophila. Such food prefer- 
ences are expected, on theoretical grounds, 
to occur among closely related sympatric 
species. 
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INTRODUCTION 


In many groups of insects there are 
two circumstances which invite investiga- 
tion as to the origin and dispersal of the 
members of various phyletic lines. First, 
there are genera existing today which are 
of great geologic age, dating back at least 
to Cretaceous times. We have fossil evi- 
dence for the longevity of some of these 
genera (Carpenter et al., 1937), and ex- 
cellent circumstantial evidence for many 
more. Secondly, there has been a survival 
to the present of a remarkable number 
of “living fossils” belonging to ancient 
branches of many lines, these survivors 
together forming an almost steplike se- 
quence into the past. In many cases the 
existing genus representing the base of a 
phyletic line may be different from the 
ancestor which began the line, but in such 
slight fashion that it is possible to recon- 
struct its past connections with startling 
clarity. 

By utilizing this second phenomenon 
with full realization of the first, it is pos- 
sible to deduce not only zoogeographic 
dispersal patterns for many insect groups, 
but in large measure to correlate these 
with fairly definite ecological conditions 
in past eras. 

An example is outlined here, taken 
from the caddisflies or Trichoptera, an 
aquatic order of insects. The analysis of 
this example is of especial interest because 
it suggests an application of certain pos- 
tulates of Cretaceous geography associated 
with the Middle Cretaceous Transgres- 
sion. 


1 This paper is a joint contribution from the 
Section of Faunistic Surveys and Insect Iden- 
tification, Illinois Natural History Survey, and 
the Department of Entomology, University of 
Illinois. 


Evotution 5: 102-115. June, 1951. 


In the archaic but abundant caddisfly 
family Rhyacophilidae there is a small 
tribe, the Hydrobiosini, which has been 
a real enigma regarding both its relation- 
ships and distribution. The tribe contains 
fourteen genera, occurring in the Aus- 
tralasian, Oriental, and Neotropical re- 
gions. The recent discovery of the larva 
of Atopsyche (one of the Neotropical 
genera) and two additional Neotropical 
genera led us to attempt a reconstruction 
ot the evolution and paths of divergence 
of the tribe. 

One of the first discoveries was that 
the range of each genus was small, espe- 
cially compared with more abundant and 
widespread genera such as Rhyacophila, 
Chimarra, or Hydropsyche. It is probable 
that ecological limitations of the larvae 
are responsible for this condition of hy- 
drobiosine genera. The few known hab- 
itat records of larvae indicate that they 
are confined to fairly rapid, cool, clear 
brooks or creeks. The geographic dis- 
tribution indicates that almost all of the 
species are in frost free, or nearly frost 
free, areas. The Hydrobiosini as a whole, 
then, would appear to be adapted to the 
relatively narrow ecological zone of small, 
rapid streams which is bounded on one 
side by cool summer water and on the 
other by temperate winter water. It is 
further probable that the adults have a 
short flight range, which seems to be 
typical of all Rhyacophilidae except the 
minute forms belonging to Protoptila and 
its allies. The narrow 
ecological tolerance of the larvae, pre- 
sumed short flight range of the adults, and 
abundance of ocean barriers appears to 
have restricted the spread of Hydrobiosini 
to an unusual degree. 


combination of 
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PHYLOGENY OF THE HypRoBIOsINI 

The Hydrobiosini was originally con- 
sidered to be a_ separate detached 
subfamily of the Rhyacophilidae, but 
characters of both larvae and pupae dem- 
onstrate that it actually belongs to the 
same subfamily as Rhyacophila, which is 
typical of the tribe Rhyacophilini. Both 
tribes have predaceous, free-living larvae 
which feed on other aquatic larvae, but 
the Hydrobiosini larvae are the more 
specialized in having the front legs de- 
veloped into a grasping claw. A survey 
of adult characters showed that the Hy- 
drobiosini have much longer anal cells in 
the front wing, and one or two pairs of 
additional lateral structures in the male 
genitalia as compared with the Rhyac- 
ophilini. 

To establish the relationship of these 
tribes to each other and to other members 
of the family, it was necessary to determine 
the primitive condition of various char- 
acteristics in the family. Evidence from 
only within the family was not sufficiently 
directional to permit reliable deductions 
on many characters, so that information 
had to be sought outside the Rhyac- 
ophilidae. 

On the basis of adult structures the 
Rhyacophilidae and Philopotamidae are 
the most primitive of caddisflies, due to 
the many similarities between these two 
families and certain members of the ar- 
chaic insect orders Megaloptera (dobson- 
flies ) and Mecoptera (scorpionflies). The 
Philopotamidae are not only close rela- 
tives of the Rhyacophilidae, but also seem 
to be very similar to primitive members 
of the families Psychomytidae and Hy- 
dropsychidae. These families have been 
indicated in the family tree shown in 
figure 12. A comparison of characters of 
these families with each other and the 
Rhyacophilidae seems to establish the 
following as primitive characters for this 
entire assemblage of families and for the 
order Trichoptera as a whole: 


1. In the front wing, figure 1,’ 

ad. a cross-vein between C and Sc 
near the middle of the wing. 

b. a cross-vein between R, and R, 
(the sectorial cross-vein, s). 

c. cell R, and cell R, long, due to the 
forking of R,,. and R,,, at or 
before cross-veins r or s. 

d. the point or apex of the wing 
separating the branches of R from 
those of M. 

e. vein Cu, running as a free vein 
to wing margin, sometimes ap- 
proaching 1A near margin, but 
definitely not with a cross-vein 
connecting it with Cuya. 

f. anal cells reaching only midway 
along vein 1A. 

2. In the male genitalia, figure 7, 

a, 2-segmented claspers. 

b. tenth tergite consisting of a 
simple lobe, often bilobed at tip. 

c. a pair of finger-like cerci arising 
one on each side of the base of 
the tenth tergite. 


_— 


Of all the genera in these four families, 
the genera Rhyacophila in the Rhyac- 
ophilidae and Wormaldia in the Phil- 
opotamidae come closest to combining all 
these primitive characteristics in the one 
insect. In wing characters, Rhyacophila 
lacks only the sectorial cross-vein; in 
IW’ ormaldia the list is completely repre- 
sented. The conditions outlined above are 
the starting base for many divergent lines 
of modification. 

In the light of the foregoing summary 
of primitive characters, the various groups 
of the Rhyacophilidae fall into an orderly 
sequence of divisions. The ancestral line 


of the group must have been composed 


2In the figures and elsewhere standard ab- 
breviations are used for the wing veins as fol- 
lows: C. costa; Sc, subcosta; R, radius; M, 
media: Cu, cubitus; 4, anal. The number after 
each abbreviation refers to the number of the 
branch of each vein. Crossvein abbreviations 
are designated to indicate the veins they connect, 
as follows: r, radial; s, sectorial; r-m, radio- 
medial: m-cu, medio-cubital; c, intercubital. 
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Fics. 1-6. Front wings of Rhyacophilidae. 1, 
with cross-vein s added to produce hypothetical rhyacophilid wing ; 
2, Apsilochorema; 3, Hydrochorema, region of Cu only; 4, /quazu; 
5, Catlloma; 6, Atopsyche.* 

* See key to abbreviations, footnote, p. 103. 
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Fics. 7-11. Lateral aspect of male genitalia of Trichoptera. 7, Wormaldia; 8, Apsilo- 
chorema, with additional inset of dorsal aspect; 9, topsyche; 10, Catlloma; 11, /quasu. 
c, cercus; c/, clasper; fc, filicercus; pc, paracercus; 8, 9, 10, segments of abdomen. 


of forms very like the genus Rhyacophila 
itself. On the basis of larval characters 
it appears that this early line divided into 
the present day Rhyacophilinae, whose 
larvae are free living, and the Glos- 
sosomatinae, whose larvae construct a 
saddle-like case, and whose adults have 
become variously modified. 

In the subfamily Rhyacophilinae, a 
branch arose to form the tribe Hydro- 
biosini and the parent stem (the tribe 
Rhyacophilini) again continued on its way 
only little changed. The Hydrobiosini 
developed several specialized characters. 
In the front wing the cross-vein between 


C and Se was lost and the anal cells 
became elongate, figure 2, in some genera 
nearly reaching the end of 1A, figure 5; 
and the male genitalia developed addi- 
tional pairs of lateral processes at the base 
of the tenth tergite, figure 8. 

The several genera contained in the 
Hydrobiosini appear to be a heterogenous 
assemblage as regards both the many pat- 
terns of wing venation shown by various 
genera and what appears to be a dis- 
orderly array of diverse types of male 
genitalia. A detailed perusal of these two 
sets of characters brings out two points 
of significance : 
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1. In the genus Apsilochorema there 
is in the male genitalia only one extra 
pair of processes, the filicerci, figure 8, 
fe, connected with the base of the tenth 
tergite. In all the other genera there are 
two pairs of preapical processes, figures 
9-11, a more specialized condition. 

2. In all these latter genera, the front 
wing exhibits the primitive condition in 
which the tip of the wing separates the 
branches of R from those of M, figure 4. 
In Apsilochorema, figure 2, both R and 
M have moved forward, so that the veins 
R, to R, join the wing margin consider- 
ably before the wing apex, which is en- 
closed by the veins M, and M,. This is 
a highly specialized condition. 

We have, then, two groups each more 
generalized than the other in one char- 
acter and more specialized than the other 
in another character. It is apparent that 
neither developed from the other, but 
that both must have arisen from an 
ancestor which possesed both characters 
in a generalized condition. This imag- 
inary form we will call Ancestor 1, which 
gave rise to two phyletic lines that sur- 
vived to the present, one represented by 
Apsilochorema alone, the other by the 
other thirteen genera in the tribe. 

Apsilochorema is thus indicated as the 
product of an early branch of the hy- 
drobiosine stem in which the genitalia 
preserved a primitive structure and the 
front wing became highly specialized. In 
addition to the forward movement of the 
veins of R and M, there has occurred a 
migration of fork R,.., nearly to the wing 
margin. 

The other thirteen genera of the Hy- 
drobiosini offer a wide selection of char- 
acters as a basis for grouping. All pos- 
sess an extra pair of structures, called 
the paracerci, on the male genitalia. These 
processes are either separate lobes arising 
from the sides of the tenth tergite, figure 
10, plates in the membrane of the tenth 
tergite, figure 11, or processes fused with 
the top of the ninth segment, figure 9%. 
In all cases the juxtaposition of the 





paracercus, the button-like cercus, and the 
filicercus is the same, establishing the 
homology of the parts in different genera, 
and indicating considerable morphological 
evolution of these parts. It is difficult to 
trace one type from another, suggesting 
that most of the genera have followed 
dissimilar kinds of evolution with regard 
to genitalia characters. 

The front wings also show many dit- 
ferent characters, especially (1) a move- 
ment toward the wing margin of fork 
R,,, in many genera, (2) dropping out 
of cross-vein r in several genera, and (3) 
the addition of a new cross-vein icu be- 
tween Cu, or Cuy, and Cu., figure 3. 

This addition of a new structure ap- 
peared to be the most promising lead to 
a grouping of the genera. An analysis 
on this basis divided them into three 
groups : 

1. Seven genera with icw present, in- 
cluding varied combinations of other 
wing characters, and also grouping 
together all but one of the New Zea- 
land genera. 
The remaining New Zealand genus 
(Synchorema) which has Cu, fused 
with Cu, and part of Cu, but is 
remarkably similar otherwise to an- 
other New Zealand genus (Hydro- 
chorema), which possesses icu. It 
seems probable that icu has been 
obliterated by the fusion of veins. 
3. Five genera which lack tcu and in 

which Cu, is well separated from 

Cu,, including all three neotropical 

genera and both Australian genera. 


to 


To test this preliminary grouping as a 
basis for a phylogenetic arrangement, it was 
necessary to turn to a study of primitive 
characters to deduce first what the original 
ancestor must have possessed, and sec- 
ondly the evolution of all lines on paths 
leading always from the primitive or 
generalized to the specialized. This proc- 
ess, outlined at some length in sawfly 
studies (Ross, 1937), is the chief testing 
method that is available when a truly 
diagnostic fossil record is practically non- 


t 


—_— Ww 





ORIGIN AND DISPERSAL OF CADDISFLIES 107 








edn 


M with M) above 


No paracercus ! 
apex 





ae 

wo 

3) 
2 2. 4s so & 
sO t% O he za < S&S 
O°’ — + ~ pi oe a 
eo 00 Oo 0 Y) Ca Sa 
t & @ v = aZOoVC 
O & =e < N. O 
—- ———— ————— ao — 
5 a a: 
® ao a er aa ts & 
: SE aV*anme YG? 
1e) a 3S Oo Sen@ek & & 
Y SE, 20 SSBLEGSS 
—_ . — OU Oe & wk s4 
” on S$ SH HHDERGAS 
2, Sai 2a DOSDLES|D OD 
< ZOw ARF AODHNDZAZTZ 


Paracercus developed 
R above, M below apex 


Cus sinuate 
Anal cells long 


HYDROBIOSINIY Filicercus developed 


Cug curved 
RHYACOPHILINI 4 Anal cells short 
No filicercus 


RHYACOPHILINAE 
(free living predators) 


GLOSSOSOMATINAE 
(case making herbivores) 


RHYACOPHILIDAE 


XIPHOCENTRONIDAE 
PHILOPOTAMIDAE 
PSYCHOMYIIDAE 
HYDROPSYCHIDAE 


Fic. 12. Phylogeny of Hydrobiosini and related groups. 


existent, as is the case in most insect 
groups. 

Consulting the table of primitive front 
wing characters again, we find that the 
primitive combination for the twelve Hy- 


drobiosini before us would be (1) sectorial 
cross-vein s present, (2) fork R,,, near 
r and s, cell R, therefore long, and (3) 
no cross-vein icu. This condition occurs 
only in the Australian genus Taschorema, 
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which is thus indicated as a virtual liv- 
ing fossil. The second Australian genus 
Psyllobetina is very similar to Taschorema, 
but lacks cross-vein s, and R,,,, branches 
closer to the margin of the wing. 

The eight New Zealand genera can be 
arranged in a series starting with Hydro- 
biosis and Percivalia which have a long 
cell R., and resemble Taschorema in many 
characteristics, and leading to Psilo- 
chorema and Neurochorema which have 
a short cell R.. In this series occur in- 
dividual specializations, such as Costa- 
chorema which has lost cross-vein s, and 
Synchorema in which R, and R, rejoin 
for a short distance after they first 
separate. 

Of the Neotropical genera, /qguazu 
is very close to Taschorema, having a 
long cell R,, figure 4, but it lacks cross- 
vein s. Atopsyche, figure 6, and Cailloma, 
figure 5, both have a short cell R,, but 
have sectorial cross-vein s. A postulated 
archetype for these three genera alone 
would be extremely similar to Taschorema. 
This fact, and the ease of derivation of 
the Australasian genera, seem to indicate 
the correctness of the family tree shown 
in figure 12. 


PROBLEMS AND GEOLOGIC EVIDENCE 


In reviewing the tree in figure 12 and 
comparing it with present distribution 
patterns of existing genera, figure 13, 
everything follows a simple pattern except 
for the genus Apsilochorema. Leaving 
this genus out of consideration for the 
moment, the other thirteen genera in- 
dicate this sequence. A _ primitive an- 
cestor or archetype, very similar to 7as- 
chorema, arose in southeastern Asia and 
spread in one direction to Australia and 
New Zealand and in the other across an 
Alaska portal and down to Central Amer- 
ica. Either breakage of land connections 
or change of ecological conditions on 
these connections caused a fracturing of 
the population of the archetype into seg- 
ments, three of which are represented by 
existing forms, one in Central and South 
America, one in Australia, and one in 


New Zealand. Each segment gave rise 
to a separate phyletic line resulting in 
the formation of distinctive genera; the 
Australian line is today represented by 
only two genera, the American line by 
three genera, and the New Zealand line 
by eight. 

This evidence all points to the assump- 
tion that, since the original intercontinen- 
tal dispersal, the American line has never 
spread back to Australia, and the Aus- 
tralian lines have never again reached or 
become established in the Americas. 

The question of Apsilochorema here 
poses a real question. Its line is fully as 
old as the Taschorema line, and the two 
lines undoubtedly arose from a common 
ancestor inhabiting Southern Asia or Aus- 
tralia. The present range of Apsilo- 
chorema extends from India to New 
Guinea and Fiji, northward to Japan and 
the southern tip of Amur country in 
Siberia. If it always had such a range, 
why are not some derivatives of the 
Apsitlochorema line found in either the 
Americas or Australia? Certainly they 
would have been in the direct line of 
dispersal of the Taschorema groups. 

Only two possible answers seem logical 
solutions to this question. The first is 
that the Taschorema groups spread from 
Australia to the Americas along a south- 
ern land connection missing both India 
and Africa, presumably going from Aus- 
tralia and New Zealand through Antarc- 
tica to the southern tip of South America; 
and that the Apsilochorema line was at 
this time isolated in Southern Asia by a 
break between Asia and Australia. In 
many mammal groups the fossil record 
(Simpson, 1950) shows a definite rela- 
tionship of South American forms with 
North American fossils of comparable age, 
rather than with Australian species. This 
and other evidence suggest the merit of 
seeking another suitable dispersal plan. 

The second alternative is that the 
Taschorema line followed a_ northern 
route through eastern Asia and the Alaska 
portal to the Americas, while simulta- 
neously the Apsilochorema line was 1iso- 
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lated by some means in more western 
Asia, and so was by-passed. 

A perusal of the geologic maps of dif- 
ferent eras brought to notice the sug- 
gested geography of middle Cretaceous 
presented by Schuchert (1924), figure 
191, used as a basis for figure 14 in this 
paper. This illustrates the extension of 
the ocean Tethys along the present course 
of the Himalaya Mountains, this arm 
separating part of India and other territory 
from a long continental strip running 
from Australia through Alaska and down 
to Central America. Marine deposits in- 
dicate that Peninsular India of that time 
had nearly the same outline as it does 
today, and was an almost isolated land 
with a chain of hilly country extending 
down its eastern side. This area would 
have been an ideal isolation point for the 
ancestral population of Apsilochorema. 
While the sea Tethys is very old, dating 
back into the Paleozoic, there was ap- 
parently a corridor through what is now 
Assam connecting Peninsular India with 
the north up to about Middle Cretaceous. 
After this time the corridor sank, and 
through Upper Cretaceous and probably 
into early Miocene this area was either 
a shallow sea or a low swamp, either of 
which would have been an effective barrier 
to any member of the fast-stream inhabit- 
ing Hydrobiosini. 

In Early or Middle Cretaceous, there- 
fore, it would have been quite possible 
for the earliest hydrobiosine to develop in 
eastern Asia, to spread into both India and 
Malaysia, and to be divided into an Indian 
and an east Asian population by the change 
of the Assam bridge. The Indian seg- 
regate would have been isolated in that 
area until about the Miocene. 

If this correlation were correct, it would 
place the dispersal of the Taschorema 
prototype in Upper Cretaceous. Other 
conditions at this time fit the case well. 
It is thought that during this period Aus- 
tralia and New Zealand were connected 
by land with eastern Asia (Umbgrove, 
1949). This corridor is thought to have 
had a short life and to have broken up 


early in the Cenozoic. To the north there 
is good evidence that northern Asia and 
North America were connected by a land 
bridge. Its age is poorly known. It be- 
came mountainous and probably cooler 
late in the Cretaceous (Schuchert, 1924) : 
hence it was supposedly usable for a 
warm adapted group like the Hydrobiosini 
for only a limited period of time. 

These geographic factors fit so well 
with the postulates given as requirements 
that it seemed worthwhile to attempt a 
reconstruction of the possible sequence 
of events with these ideas as a basis. 


RECONSTRUCTION EVOLUTION AND 
DISPERSAL 


The ancestral line of the Rhyacophilinae 
was a cool or cold climate group inhabit- 
ing rapid streams, and was probably dis- 
tributed in northern or central Eurasia. 
In early Cretaceous a warm adapted line 
arose from it (this being the Hydrobiosini 
archetype indicated by Ancestor 1 in fig- 
ures 13 and 15) and occupied the region 
from India to southeastern Asia. The 
sinking or ecological change of the Assam 
land bridge in Middle Cretaceous divided 
this group into two units, one in Penin- 
sular India and one in eastern Asia. 

The population or species in India 
retained the simple type of genitalia pos- 
tulated for the Hydrobiosini archetype, 
and changed appreciably only in wing 
venation. Since the ocean Tethys con- 
tinued until early Miocene, it is likely that 
this Apsilochorema line was isolated in 
India until this late date. It also would 
seem that the genus Apsilochorema as de- 
fined today came into being in India be- 
fore this area was effectively reconnected 
with the remainder of Asia. This as- 
sumption is supported by the fact that 
all present species belonging to this line 
are typical Apsilochorema, and appear to 
represent a dispersal pattern centering 
in India and extending to Japan and 
southeastern Siberia and to Fiji. Ap- 
parently the genus did not reach Africa, 
or if so it did not persist there. 
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The continental Asian stock evolved 
an additional set of appendages on the 
tenth tergite of the male genitalia, and 
thus started a more specialized phyletic 
line. During middle or late Cretaceous, 
this stock, called Ancestor 2 in figures 13 
and 15, spread south into Australia and 
New Zealand, and first north across the 
Alaska bridge, then south to Central 
America and into South America. 

It is assumed at this point that the 
Alaska bridge became ecologically unsuit- 
able for Hydrobiosini or sank, and the 
Malaya-Australia connection sank, before 
either the Taschorema archetype evolved 
into more genera, or the Indian land mass 
was reconnected with the remainder of 
Asia. Otherwise we would not expect 
to find the fauna of each regional segregate 
represented by a monophyletic unit of 
genera, as is indicated by present morpho- 
logical studies. Evidence from American 
fossils of other groups suggests late Cre- 
taceous or the Paleocene as the time of 
this population break up (Simpson, 1950), 
and this coincides well with geological 
evidence from Asia and Australia. 

Continuing our reconstruction, it is 
thought that this breaking of land con- 
nections isolated one population of An- 
cestor 2 in America, one each in Aus- 
tralia and New Zealand, and presumably 
a third in Asia. 

The Australian has persisted to the 
present with little change, represented by 
archaic Taschorema and more specialized 
Psyllobetina, in which the front wing has 
cell R, shortened. The New Zealand 
colony gave rise almost immediately to 
a form having an intercubital cross-vein in 
the wing, and this form has prospered 
and divided into many genera and species. 

Reconstructing the history of the Amer- 
ican portion of Ancestor 2 presents some 
interesting problems. There are three 
known genera. Two of them, Jguazu 
and Cailloma, are apparently confined to 
the Andean region of central South Amer- 
ica. The third, Atopsyche, extends from 
Arizona and Texas to Argentina. On the 
basis of combining a long cell R, in the 
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front wing with a complete set of veins in 
the hind wing, figure 4, /guazu appears 
the least changed from Ancestor 2, where- 
as Catlloma and Atopsyche have a short- 
ened cell R, and appear considerably 
changed. On the other hand, both Jguazu 
and Cailloma have in common two pecu- 
liarities of the front wing—a _ greatly 
shortened sectorial cell caused by the 
migration of fork R,,, to a point very 
close to cross-vein m, and a narrowing 
of the apical half of cell 1A, figures 4, 5. 
In Atopsyche, figure 6, the venation in 
both of these areas is much more like 
Taschorema and presumably like Ances- 
tor 2. We can deduce from this that the 
American population of Ancestor 2 broke 
up into two phyletic lines, one leading 
to Atopsyche and the other to /guazu 
and Cailloma. This division occurred be- 
fore cell R, became shortened. All three 
genera developed distinctive types of 
genitalia of which only those of certain 
Atopsyche species have preserved the 
primitive, simple, two-segmented condi- 
tion of the claspers, figure 9. This is 
proof that Atopsyche did not arise from 
either /guazu or Cailloma as they are 
recognized at present, because both have 
highly modified claspers, figures 10, 11. 

At this point geographic distribution 
sheds light on the situation. /guasu and 
Cailloma are confined to South America 
and could well represent genera evolved 
in that area. <A detailed study of Afo- 
psyche, however, discloses abundant cir- 
cumstantial evidence that the genus arose 
in Central America or adjacent country 
to the north (Ross and King, 1951). 
These suppositions of geographic division 
coincide with the demonstrable phyletic 
divisions. It seems logical, therefore, to 
advance the proposition that (1) Ances- 
tor 2 first inhabited both South and Cen- 
tral America, (2) soon thereafter South 
America was cut off from Central Amer- 
ica, thus dividing the population of An- 
cestor 2 into two units, (3) the population 
in South America ultimately evolved into 
Iguazu and Cailloma, both of which ap- 
pear to have remained restricted to that 
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presumed to have effected isolation or congregation in the group. 


area, and (4) the northern population de- 
veloped into Atopsyche, which has sub- 
sequently moved into South America and 
the West Indies. 
Dating these events is somewhat of a 
puzzle. Atopsyche has blossomed into a 
large number of distinctive species groups 
and complexes, a circumstance suggestive 
of considerable age. It is quite possible 
that the first definitive members of the 
genus were pre-Miocene. If this should 
be true, it would indicate an original cross- 
ing of Ancestor 2 into South America 
in late Cretaceous or early Paleocene, and 
identify this group in Simpson's category 
of “South American Oldtimers.” Various 
species of Atopsyche apparently spread be- 
tween the Americas when conditions per- 


mitted such movement, possibly first in 
the Oligocene and Miocene, and again in 
the Pliocene. 

This leaves unaccounted for the Creta- 
ceous population segment of the TJas- 
chorema archetype existing in Asia be- 
tween Malaya and Alaska after the sinking 
of the Australian land bridge. It is likely 
that these more northern hydrobiosine 
populations became extinct in the climatic 
changes that occurred through most of 
Holarctica following the extensive moun- 
tain formation in late Cretaceous and 
the Paleocene, or the Miocene orogenies 
associated with the elevation of the Him- 
alavyan geosyncline, resulting in drastic 
shrinking of the sea Tethys and the re- 
union of India with the Asiatic mainland. 
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The suggested dates in this discussion 
are plotted against the phylogenetic tree 
in figure 15. 


FUNCTION AND PARALLELISM 


Parallel evolution of a strikingly similar 
nature occurs in two wing developments 
in the Hydrobiosini. In the front wing, 
vein R,,, has forked closer and closer to 
the wing margin, thus shortening cell R., 
and in some species of Apsilochorema 
R,,., has not forked at all. In the hind 
wing, the end of vein R, has become lost, 
R,,, has remained unforked, and the base 
of R, has aligned with R,,, to furnish a 
strong brace along the anterior margin of 
the wing. Illustrations in other caddis- 
flies demonstrate that both of these 
modifications accompany faster and/or 
stronger flight. Among the Hydrobiosini 
both developments are found in their most 
advanced condition in Apsilochorema. 
This suggests that faster flight has been 
especially advantageous for the group in 
southeastern Asia, either because suitable 
streams were far apart, or changeable, or 
perhaps to counter increased predation 
pressure from fish, birds, or other insects. 
Increased prowess of flight may in turn 
have enabled the genus to colonize iso- 
lated islands, and thus account for the 
extension of its range through New 
Guinea to the Fiji Islands. 

In at least some forms in all four major 
branches of the Hydrobiosini, the genitalia 
have lost the suture separating the two 
segments. In Apsilochorema and Ato- 
psyche existing species show a progres- 
sion from the segmented to the unseg- 
mented condition. This trend toward a 
single segmented clasper is accompanied 
by the development of other genitalic 
specializations, and would seem to indicate 
a response to a selection pressure favoring 
changed copulatory structures. 


RATES OF EVOLUTION 


It is impossible to compute rates of 
evolution in this group in relation to any 





standard measure because we cannot 
establish beyond guesswork the time of 
origin of each genus as it is defined today. 
It is, however, possible to evaluate the 
relative amount of change which has oc- 
curred in the generic progeny of Ancestor 
2 on a strictly comparative basis. These 
genera can be grouped into four obvious 
classes in relation to differences from An- 
cestor 2: 1, having extreme differences in 
wing shape plus reorientation of venation, 
1 genus (Tiphiobiosis); 2, having con- 
spicuous but not extreme differences in 
a number of characters, 8 genera; 3, hav- 
ing only one or two conspicuous differ- 
ences, 3 genera (/guasu, Percivalia, 
Costachorema) ; and 4, having only slight 
differences, 1 genus (T7aschorema). 

On this total basis it seems appropriate 
to employ Simpson’s (1944) very useful 
terminology of evolutionary rates. The 
genera in Classes 2 and 3 may be con- 
sidered as representing normal rates, and 
termed horotelic; 7iphiohiosis, compris- 
ing Class 1, has evidently evolved at an 
extremely rapid rate compared to the 
others, and may be termed tachytelic ; and 
Taschorema, comprising Class 4, has vir- 
tually stood still in evolutionary develop- 
ment since late Cretaceous, and may be 
termed bradytelic. 

I realize that these distinctions do not 
rest on the same type of statistical analysis 
as do Simpson’s examples, but I believe 
the present examples demonstrate the 
practicability of eventually establishing 
these “-telic” characteristics by study of 
only living genera. This would be ex- 
tremely useful for purposes of comparison 
after hypothetical ancestors had been de- 
duced for various phyletic lines. The 
method would have to be used with cau- 
tion and with full analysis of the chosen 
characters throughout each genus, because 
a genus evolves as individual species. 


SUMMARY 


An analysis of the phylogeny and zoo- 
geography of the caddisfly tribe Hydro- 
biosini was compared with geological data 
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and mammalogical data concerning land 
connections from the Cretaceous to Re- 
cent. The group apparently originated 
in the Cretaceous in southeastern Asia; 
the Apsilochorema line was isolated in 
Peninsular India from about Middle Cre- 
taceous to the Miocene; and in Upper 
Cretaceous the Taschorema line spread 
over an arc extending from New Zealand 
to South America. The Taschorema line 
gave rise to distinctive groups of genera 
now existing in New Zealand, Australia, 
and Neotropical America. Since Penin- 
sular India has been reunited with Asia, 
Apsilochorema has spread to southeastern 
Siberia, Japan, and Fiji. 


ACKNOWLEDGMENTS 


[I am greatly indebted to Mr. E. W. 
King for permission to use in this paper 
some of the conclusions of our joint study 
of Atopsyche, and for assistance with the 
wing drawings. I also wish to express 
my thanks to Dr. B. Kummel and Dr. 
H. B. Willman for much advice regarding 
geological literature and to Dr. Kummel 


for his opinions on many of the geological 
points used in this paper. 


REFERENCES CITED 


CARPENTER, F. M., et AL. 1937. Insects and 
Arachnids from Canadian Amber. Univ. 
Toronto Studies, Geol. Ser., 40: 7-62. 12 
figs. 

Smmpson, G. G. 1944. Tempo and mode in 
evolution. Columbia Univ. Press. 237 pp., 
36 figs. 

Srwpson, G. G. 1950. History of the Fauna of 
Latin America. Amer. Scientist, 38: 361l- 
389. 10 figs. 

Reep, F. R. C. 1949. The geology of the 
British Empire, 2nd edit. Edward Arnold & 
Co., London, 764 pp., 26 figs. 

Umpcrove, J. H. F. 1949. Structural history 
of the East Indies. Cambridge University 
Press. 63 pp., 67 figs., 10 pls. 

SCHUCHERT, CuHarLes. 1924. A textbook of 
geology. Part 2: Historical geology. 2nd 
edit. John Wiley & Sons, Inc., 724, pp. 237 
hgs. 

Ross, H. H. 1937. A generic classification of 
the nearctic sawflies. IJ]. Biol. Monog., 
15: 1-173, 424 figs. 

Ross, H. H., ann E. W. Kinc. 1951. Bio- 
geographic and taxonomic. studies in 
Atopsyche. Ann. Ent. Soc. Amer. (In 


press. } 





ita 


mm ney 





-—ere 


AVWVViV 





THE EFFECT OF INTRASPECIES AND INTERSPECIES COM- 
PETITION ON THE FECUNDITY OF TWO 
SPECIES OF FLOUR BEETLES‘ 


L. C. Brrcu,? THomMAs PARK, AND MARIAN B. FRANK 


Hull Zodlogical Laboratory, The University of Chicago 


Received December 11, 1950 


INTRODUCTION 


The flour beetles Tribolium confusum 
and Tribolium castaneum have been used 
in an extensive investigation of inter- 
species competition (Park, 1948). A 
finding of this study was that when no 
special precautions were taken to elimi- 
nate the sporozoan parasite Adelina tri- 
bolu, T. confusum, as a single species, 
typically maintained populations about 
twenty to thirty per cent larger than did 
T. castaneum. No known differences in 
temperature, humidity, light, medium, or 
handling existed between these two series. 
In mixed-species populations, that is when 
there was competition between the two 
forms, T. castaneum was usually driven 
out by T. confusum. In the absence of 
the parasite, T. castaneum usually drove 
out T. confusum. There is some indica- 
tion that in their natural distribution the 
two species vary in relative abundance 
according to latitude (Good, 1936) and to 
the breeding medium, whether wheat or 
flour (Miller, 1944). It is hoped that 
studies of competition may shed some light 
on such problems in the population ecology 
of the two species as well as on the general 
nature of interspecies competition itself. 

In many ways these beetles are excel- 
lent objects for the laboratory study of 
such phenomena. They inhabit the same 
ecological habitat from which they derive 
their entire food supply and in which their 
life-history, and that of successive genera- 
tions, is passed. The populations, includ- 


1 This investigation was aided by a grant from 
the Dr. Wallace C., and Clara A. Abbott 
Memorial Fund of The University of Chicago. 

2 Present address: Zodlogy Department, The 
University of Sydney. 
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ing the experimental design, can be manip- 
ulated without appreciable deleterious ef- 
fect upon the organisms themselves. The 
“external” environmental factors such as 
temperature, humidity, light, etc., can be 
closely controlled, and the environment, 
although relatively simple, is essentially a 
normal one in terms of the recent evolu- 
tionary history of certain species of the 
genus. 

It is not an objective of this paper to 
discuss all possible causes of the differ- 
ences between the populations of the two 
species and the causes of extinction in 
interspecies populations, nor to deal with 
certain exceptions. However, we do wish 
to report experimental findings which 
bear on these problems. Two obvious 
factors probably related to the observed 
differences in size of populations of the 
two species and the observed competitive 
trends when the two species exist together 
in a population, immediately come to 
mind: (1) There are differences between 
species in their intrinsic rates of natural 
increase ; that is, the capacity of the species 
to increase in numbers as measured when 
population density is favorably low. This 
depends upon age-specific fecundity rates 
and age-specific mortality rates. Each 
of these components has various aspects 
which may be important in determining 
differences between species. From a 
knowledge of these components it is pos- 
sible to estimate the intrinsic capacity of 
the species for increase (Birch, 1948, 
Leslie and Park, 1949). (2) The effect 
of crowding on the components of increase 
is a second important consideration in con- 
sidering differences between populations of 
different species. Crowding affects both 
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the age-specific fecundity rates and the 
age-specific mortality rates, and thereby 
the actual rate at which a population in- 
creases in numbers and, as well, the max- 
imum number the medium can support. 
When two or more species compete for 
a common food supply there is introduced 
the added effect of the crowding of one 
species on the rate of increase of the 
other, and vice versa. 

The success or failure of a species in 
competition with one or more other species 
must depend in the final analysis upon 
differences in such factors as those which 
have been mentioned. This would apply 
in principle to competition between races 
within a species as well as to interspecies 
competition. In experimental studies of 
competition within a species, Wright and 
Dobzhansky (1946) demonstrated in- 
equalities in the adaptive values of Dro- 
sophila pseudoobscura possessing chromo- 
somes with different gene arrangements. 
It would seem that the different gene 
arrangements within this species must 
confer upon the population differences in 
one or more of the factors referred to 
above. An exhaustive analysis of all 
these characteristics of even two competing 
species would involve a large program of 
study. This paper is entirely concerned 
with the one aspect, namely: the net 
fecundity rates of T. confusum and T. 
castaneum as influenced by crowding with 
members of the same species and members 
of the other species. It is considered pos- 
sible, for example, that the success of one 
species in competition may be caused in 
part by a smaller effect which increased 
density may have in reducing its fecundity 
as compared with the other species. The 
effect of increased density may be less 
when the crowding individuals are mem- 
hers of the other species. Or, without it- 
self being benefited by the presence of 
the other species, one species may exercise 
an adverse influence on the fecundity of 
the other species. The situation is more 
complex than this, however, since each 
species eats its own eggs as well as those 
of the other species. When this is taken 


into account it is clear that there are quite 
a large number of possible effects of 
crowding on net fecundity, only some of 
which are suggested here. 

In the experiments described in this 
paper, the actual number of eggs laid is 
not measured directly, but only the net 
fecundity. Net fecundity is defined as 
the number of eggs laid minus those eaten, 
or otherwise destroyed, by imagoes. Lar- 
vae are also egg predators, but this com- 
plicating factor is not considered in this 
paper, which deals solely with imagoes. 
The number of eggs actually laid is referred 
to as real fecundity. 

Since no special precautions were taken 
to free the cultures from possible infection 
of the sporozoan parasite Adelina triboli, 
it is reasonable to assume that the beetles 
in these experiments were infected with 
the parasite, though most probably to a 
negligible extent. 


MATERIAL AND METHOD 


In carrying out experiments on the ef- 
fect on net fecundity of crowding one 
species with another, there is no way of 
determining the crowding effect of the 
females of one species on the population 
of the other species ; for it is impracticable, 
if not impossible, to differentiate the eggs 
of the two species in mixed cultures. 
Hence, when one species (males and 
females) was crowded with the other 
species, only males of the latter were 
used. During the course of the work it 
became apparent that the results of such 
experiments required very careful inter- 
pretation for the following reason. When 
males and females of one species are 
crowded with males and females of an- 
other species, eggs are laid by both species 
and are also eaten by both species. But 
in an experiment in which the second 
species is represented by males only, the 
total number of egg-laying animals in the 
population is less ; the total number of eggs 
laid therefore will be smaller and, con- 
sequently, egg density will be lower. 
Cannibalism is proportional to egg density 
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The effect of density on the mean net fecundity (eggs per female per day) for Tribolium con- 


TABLE 1. 
(Any two columns of means are significantly different at P < 0.0000) 


fusum and T. castaneum. 








Tribolium confusum 




































































Beetles per eight grams (sex ratio 1:1) 
2 16 80 | 160 
Weeks —— 
| Coefficient of | | Coefficient of | | Coefficient of | | Coefiicient © 
Mean | — Mean | Variability Mean | Variability | Mean | Variability 
| %) | | (%) | (%) | | — (%) 
! 1.6 | 201 | 62 | 90 | 25 89 | 12 | 282 
2 11.9 | 150 | 64 | 95 | 3.0 | 8.7 1.3 29.6 
3 11.0 161 | 69 | #96 | 29 | 144 11 26. 
4 11.2 214 0) 67 ian 4 £8 12.7 1.1 15.3 
Mean for 1-4 wks. | 11.4 6.6 2.7 1.9 
5 | 10.5 | 15.2 6.5 8.9 2.3 8 1.1 7.5 
6 10.9 | 161 | 6.4 7.0 2.2 0 1.1 13.0 
TF 7 | 99 | 17.5 | 6.1 12.3 2.0 3. 1.0 2 
ie: 8 | 95 | 10.7 5.7 10.5 1.8 | 2. 1.0 2.7 
ve: Mean for 5-8 wks.| 10.2 | | 6.2 | 24 1.1 
ie: - Hach | 0 
a , Tribolium castaneum 
Ae 7 poe 
Lia 2 1 lass | 141 7.0 12.6 2.7 23.8 1.3 24.8 
ie: 2 | 17.7) 147 8.2 24.4 28 | 25.2 1.5 33.1 
ie > 3 15.1 13.9 | 81 | It | 32 | 21.9 1.8 20.0 
re a 4 | 14.9 14.6 | 8.3 14.7 | 34 | 17.6 2.0 12.3 
ah — | ~ - — 
BY i Mesa for 1-4 whe. | 15.8 | 7.9 | 3.0 1.7 
a | 5 | 14.7 | 201 | 84 | 94 | 30 | 122 1.9 11.6 
Hi | 6 | 141 | 224 | 81 12.8 3.1 16.6 1.9 19.1 
rr 
+ 7 | 14.3 | 24.4 8.2 13.3 3.2 9.8 1.7 16.7 
S 13.4 | 24.6 81 | 191 | 3.3 16.2 1.6 18.8 
i Mean for 5-8 wks.| 14.1 8.2 3.1 1.8 


same number of females with males and 
females of the same species and, secondly, 
with males only of the other species. The 
five factors to be investigated were thus 
species (2), total density, sex ratio, species 
density, and time. The investigation as 
presented below is not a unitary factorial 
design since the importance of sex ratio 
did not become apparent until the in- 
vestigation was under way. 


= i (Boyce, 1946) and so one would expect 
i fewer eggs to be eaten in the population 
iit containing the larger proportion of males. 

On these a priori grounds, the intensity 
of cannibalism, and hence the net fecun- 
dity, would be expected to differ in the 
two types of experiment, simply by virtue 
of the design of the experiment. The 
extent of this effect was not known but 
its possible significance suggested the 


necessity of a control series of experi- 
ments in which females of one species 
were crowded with males of the same 
species; these results could then be com- 
pared with the effect of crowding the 


All experiments were carried out at 
28.5° C. (+0.5°) and at a relative 
humidity of 60 to 75%. Beetles were 
sexed as pupae and the male and female 
imagoes were two to three weeks old at 
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the start of the experiments. The medium 
used consisted of sifted whole-wheat flour 
containing 5% yeast (Park and Davis, 
1945). The beetles were placed in vials 
(9.5 cm. by 2.3 cm.) containing 8 grams 
of medium. Eggs were counted at seven- 
day intervals for eight weeks in some ex- 
periments and four weeks in others, by 
sifting the flour through silk bolting cloth 
(No. 5), a mesh that retains the eggs. 
Each week the medium was renewed so 
as to reduce “conditioning” of the environ- 
ment by the beetles. At the end of a week 
some 30% of the eggs of 7. confusum 


and some 50% of the eggs of T. casta- 
neum had hatched. The error introduced 
by counting the egg cases after some of the 
eggs had become larvae is of the order 
of 10% in some experiments. Except 
where otherwise stated, each experiment 
was replicated 15 times. 

The effect of density was investigated 
over the range: 2 beetles per 8 grams to 
160 beetles per 8 grams. A density of 
160 insects in 8 grams approximates the 
equilibrium density (of larvae, pupae and 
imagoes combined ) in actual experimental 
populations under similar conditions of 
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Fic. 1. Mean net fecundity in eight grams of medium over an 
eight-week period (from table 1). 
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TRIBOLIUM CASTANEUM TRIBOLIUM CONFUSUM 
1OOF . d 
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PAIRS PER EIGHT GRAMS 
Fic. 2. The total number of eggs laid per female during eight weeks at four densities 


is expressed as a percentage of the total number laid at the lowest density (2 beetles per 8 
grams) to illustrate the absence of statistical interaction between “species” and “density.” 


husbandry (Park, 1948). Further details 
of the experimental design are more ap- 
propriately given under the section head- 
ings below. 


Net Fecunpity oF BEETLES CROWDED 
WITH MALES AND FEMALES OF 
THE SAME SPECIES (SEX 
RATIO UNITY) 


The net fecundities of populations of 
sex ratio unity were assayed over an 
eight-week period at four densities: 2, 
16, 80 and 160 beetles per 8 grams of 


medium. The mean weekly net fecundity 








expressed as eggs per female per day is 
shown in table 1 and figure 1. 
Any pair of lines in this figure over the 56 
day period and any two columns of means 
within the table are significantly different 
at P< 0.0000.- At each of the four 
densities 7. castaneum oviposited at a 
higher rate than did 7. confusum; on the 
average, 28 per cent higher. The coeffi- 
cient of variability for 7. castaneum is also 
larger except at the greatest density (80 
pairs per 8 grams) in which the variation 
shown by both species is about the same. 
The feature of major interest is that an 
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TABLE 2. The effect of density of males on the mean net fecundity (eggs per female per day) of single 
females of Tribolium confusum and T. castaneum 








Tribolium confusum 








Number of beetles per 8 grams and including one female only 















































ais : 2 16 30 60 
| Coefficient of | Coefficient of | Coefficient of | Coefficient of 
Mean* | Variability Mean Variability Mean Variability | Mean | Variability 
| i @&@ | (%) | (%) | | (%) 
! | 11.6 | 20.1 96 | 29.3 71) 190 | 67 | 204 
2 11.9 15.0 10.3 31.0 9.1 | 20.6 | 8.2 27.2 
3 | 11.0 16.1 | 11.0 18.4 | ea 22.2 | 8.3 | 24.9 
4 11.2 | 214 | 10.0 24.5 81 | 273 | 64} 32.2 
Mean for 4 weeks 11.4 10.2 8.4 7.4 
Tribolium castaneum | 
l 15.5 14.1 14.6 20.6 14.0 | 7.4 | 13.3 | 13.3 
2 17.7 14.7 14.3 26.3 14.5 | 6.0 13.7 | 9.6 
3 } 15.1 13.9 14.0 20.9 12.1 | 200 | 12.2 | 16.2 
4 | 14.9 14.6 12.0 43.0 10.3 i) Sn | 50.3 
Mean for + weeks 15.8 13.7 12.7 12.2 | 





* From column I, table I. 


increase in density reduces the net fecun- 

ditv of each species by the same propor- 

tional amount. In other words, there is 

no statistical interaction between “species” 

and “density.” This is illustrated in fig- 
? 

ure <. 


Net FrecuNpiIty oF BEETLES OF EACH 
SPECIES CROWDED WITH THEIR 
Own MALES 


The previous experiment affords in- 
formation on the effect of crowding on net 
fecundity such as occurs in a culture of 
a single species where sex ratio is ap- 
proximately unity. This series of ex- 
periments does not, however, serve as a 
control comparison for experiments in 
which one species is crowded with males 
of the other species. It was, therefore, 
necssary to know the effect of crowding 
females with their own males. Single 
females were crowded with males of the 
same species to give total densities of 2, 
16, 30 and 60 beetles per 8 grams. Net 
fecundity was assayed over a period of 


four weeks (table 2). The results are 
strikingly different from the net fecundity 
of populations in which the sex ratio is 
unity (table 1). The reduction in net 
fecundity with increased density is very 
much less when density is increased with 
males only (figs. 3 and 4). When the 
density of 7. confusum is increased from 
a total of two to a total of 16 beetles the 
reduction in net fecundity is 42% when 
sex ratio is unity, but only 10.5% when 
the increase in density is brought about 
by males only. The corresponding figures 
for T. castaneum are 50% and 13%. 
The differences are of much the same 
order for the two species. In other words, 
there is no interaction between species 
and density when density is increased 
with males only. It has already been 
shown that there is likewise no interaction 
when density is increased with males and 
females together. The interpretation of 
these unanticipated and interesting results 
will be left until the following section has 
been considered. 
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Net FECUNDITY OF BEETLES OF EACH 
SPECIES CROWDED WITH MALES 
OF THE OTHER SPECIES 


Comparisons were made at total den- 
sities of 16 beetles and 80 beetles per 8 
grams of medium of the net fecundity of 
females crowded with males of the other 
species. Control series with parallel num- 
bers of females crowded with parallel 
numbers of males of the same species were 
run at the same time. Assays were made 
over a four-week period. In the experi- 
mental series one eighth of the population 
consisted of males and females of one 
species in equal numbers and seven eighths 
of the population consisted of males of the 
other species. Thus, at a density of 16 
beetles, one male and female of 7. con- 
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fusum were crowded with 14 males of T. 
castaneum and likewise for T. castaneum. 
At a density of 80 beetles, 5 males and 5 
females of 7. confusum were crowded 
with 70 males of T. castaneum, and like- 
wise for T. castaneum. 

The experimental plan and results are 
shown in tables 3 and 4. Because of the 
absence of any significant trend in net 
fecundity over the four week period, it is 
justifiable to compare the mean figures 
for egg-laying over the total four week 
period. The means of the four week 
periods are therefore summarized in table 
5, which is simply a condensation of tables 
3 and 4. The results are graphed in 
figures 3 and 4, together with data from 
tables 1 and 2. 

It is instructive to make the following 
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Fic. 3. Showing the net fecundity of T. confusum in the presence of varying numbers 
of male 7. confusum, male T. castaneum and male and female (sex ratio 1:1) 7. confusum. 


Data in tables 1, 2 and 3. 


* Except at total density of 80 beetles, where 5 females were crowded with 75 males 


(columns 6 and 8 of table 3). 
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------ "ONE FEMALE CROWDED WITH T CASTANEUM MALES 
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Fic. 4. Showing the net fecundity of 7. castaneum in the presence of varying num- 
bers of male 7. castaneum, male T. confusum and male and female (sex ratio 1:1) T. 


castaneum, 
* Except at total density of 80 beetles where 5 females were crowded with 


/ 


5 males 


columns 6 and 8 of table 4). 


sets of comparisons based on data in table 5: 


conftusum 


confusum, 


. 


(1) &. The’ effect of TZ. castaneum on 


compared with 7. confuswm — on 


castaneum 
castaneunt. 


B, The effect of T. 
compared with T. 


confusum on 


7 
r 
r 
castaneum on T. 


Comparing the mean values shown in table 5, it is clear that: 


A. T. castaneum inhibits T.  confusum 
to the same _ extent that 

T.  confusum imbhibits T.  confusum. 

B. T. confusum imhibits T.  castaneum 
to a_ greater extent than 

T. castaneum inhibits T. castaneum. 


The particularly interesting feature of The net fecundity of 7. castaneum when 
this comparison is the remarkable differ- it is crowded with males of T. confusum 


ence in net fecundity of 7. castaneum 
When it is crowded with T. confusum. 


at a density of 16 beetles per 8 grams is 
45% lower than the net fecundity of T. 
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TABLE 3. 
T. castaneum. 
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The net fecundity (eggs per female per day) of T. confusum in the presence of male 
(No two columns of means are significantly different at P = 0.01) 
























































16 beetles (2 beetles per gram) | 80 beetles (10 beetles per gram) 
Control* ith T. confusum | Control | ith T. confusum 
: All T. confusum (1 pair T. confusum, All T. confusum | (5 pairs T. confusum, 
Weeks (1 female, 15 males) 14 male T. castaneum) | (5 females, 75 males) | 70 male 7. castaneum) 
Coefficient of Coefficient of Coefficient of Coefficient of 
Mean Variability Mean Variability Mean Variability Mean Variability 
(%) (%) (%) (%) 
1 9.6 29.3 9.0 21.3 4.2 23.0 5.1 23.6 
2 10.3 31.0 10.4 20.7 4.6 15.4 5.0 24.3 
3 11.0 18.4 9.9 17.7 5.3 17.9 5.1 27.4 
4 10.0 24.5 9.9 12.7 5.1 16.7 | 5.5 | 19.0 
Mean 1-4 weeks | 10.2 9.8 | 43) | 5.2 
| —— | en 
5 | 11.0 18.9 | 5.3 29.6 
6 10.4 17.2 | Be 29.2 
F 7 | 9.8 11.2 | 5.6 23.6 
= id 8 | | 9.2 19.3 5.2 | 24.2 
4 | = | — 
Mean 5—8 weeks 10.1 5.4 | 
c- , | | 
ora 
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* Column 4 of table 2. 


lustrated by the divergences of the curves 
in figure 4. It is of further interest to 
compare the assays for the second four 
week period in those cases where the ex- 


castaneum crowded with its own males. 
At the higher density of 80 beetles per 
8 grams its fecundity is 58% lower than 
the corresponding control. This is il- 


The net fecundity (eggs per female per day) of T. castaneum in the presence of male 
(Adjacent columns of means are significantly different at P < 0.0000) 


TABLE 4. 
T. confusum. 








16 beetles (2 beetles per gram) 80 beetles (10 beetles per gram) 























Control* ith 7. castaneum Control ith 7. castaneum 
: All 7. castaneum | (1 pair T. castaneum, | All T. castaneum | (5 pairs T. castaneum, 
Weeks (1 female, 15 males) 14 male T. confusum) (S females, 75 males) 70 male 7. confusum) 
Coefficient of Coefficient of | | Coefficient of | Coefficient of 
Mean Variability Mean | Variability Mean Variability Mean Variability 
(%) (%) } (%) (%) 
4 1 14.6 20.6 8.2 25.2 | 9.4 15.4 4.1 15.0 
2 14.3 26.3 7.9 33.1 ; oe 22.6 | 4.0 17.9 
3 14.0 20.9 | 7.4 28.8 8.6 17.3 | 3.7 22.4 
4 12.0 | 43.0 | 6.5 | 28.9 8.6 16.2 | oe 21.3 
Mean 1-4 weeks | 13.7 | 7.5 | 91 3.8 
5 | | 5.6 27.1 | 2.9 28.3 
6 | 4.5 62.5 | 3.0 25.9 
7 | 4.2 86.7 2.1 53.6 
8 | | 4.2 91.5 | 1.4 86.0 
' a a ae _ = Se ae ene ae 
Mean 5-8 weeks | | | 4.6 | | 24 | 
| 








* Column 4 of table 2. 
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TABLE 5. Interactions between species in the effect of density on net fecundity 








Effect of T. castaneum on 


T. confusum 
| 


Effect of T. castaneum on T. castaneum 





| 
| 


2 | 16 









































Total density | 80 | 2 | 16 | 80 
m9 | | | 
Composition | 
T. confusum 1 pair = 1 pair | 5 pairs | — — a 
T. castaneum — — 14 males | 70 males | 1 pair fl female, {Ss females, 
| | 15 males \75 males 
Mean eggs per female per | | | 
day (1-4 wks.) 414 98 | 5.2 88 | 13.7 | 9.1 
% reduction in net fec- | | | | | 
undity | 14.0 54.44 | 13.3 | 42.44 
Effect of T. confusum on T. castaneum | Effect of T. confusum on T. confusum 
Cy ae | 
Total density 2 16 80 2 16 | 80 
< = | 
Composition | A | 
T. confusum _ 14 males | 70 males l pair | 1 female, - females, 
| | | | {15 males 75 males 
T. castaneum | 1 pair | 1 pair | Spairs |§ — | | — 
Mean eggs per female per | | 
day (1-4 wks.) | 15.8 | 7.5 38 | 11.4 10.2 | 4.8 
% reduction in net fec- 
undity 52.58 76.0© | 10.58 58.0° 





A, B, C—pairs which are significantly different at P < 0.01. 


periments were continued for 8 weeks. 
The only case in which there is any marked 
fall in fecundity during the second month 
is when 7. castaneum is crowded with 
males of T. confusum at the density of 
SO beetles (table 4, column 8, compare 
with column 6 in table 1). In fact, the 
reduction in fecundity of T. castaneum in 
the presence of T. confusum is so exten- 
sive that by the seventh week some of the 
females had actually ceased ovipositing 
altogether and dissection showed no ma- 
ture eggs in their ovarioles. This in- 
dicates that the inhibiting effect of T. 
confusum on T. castaneum is intensified 
with the duration of their association. 

(2) There is a second series of com- 
parisons of particular interest: 


Here, we are interested in comparing the 
effect of males of one species on females 
of different species. The comparison 
being made is the reduction in fecundity 
from two different levels (1.e., the two 
species). It is therefore necessary in 
this case to compare proportional reduc- 
tions rather than the means; such as was 
made in the previous set of comparisons. 
The figures to compare are thus the per- 
centage figures shown in table 5. 
Concerning comparison (2) A, the net 
fecundity of T. confusum is reduced by 
14% when the density increases from 2 
beetles to a density of 16 by the addition 
of T. castaneum males. The net fecundity 
of T. castaneum is reduced by 13.3% 


when the density is increased from 2 


A. The effect of 7. castaneum on T.  confusum 
compared with T. castaneum on T. castaneum. 

B. The effect of 7. confusum on T. castaneum 
compared with T. confusum on T. confusum., 
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beetles to a density of 16 by the addition 
of its own males. The difference (14.0 — 
13.3), which is the difference of a dif- 
ference, is not significant at P = 0.01. 
The analysis was made on the log scale, 
since proportional differences are being 
measured, and significant differences were 
calculated for the arbitrarily chosen prob- 
ability level of P = 0.01. 

Hence comparison (2) 4 can be for- 
mulated thus: 


T. castaneum inhibits T. 
to the same extent or a little more 
T. castaneum inhihits T. 


The extent of the inhibition at the 
higher density is no more than the extent 
to which T. confusum inhibits itself. 


Concerning comparison (2) B, it is 
clear from table 5 that: 


T. confusuim 


more 
T. confusu ml inh thits 7, 


The feature of particular interest about 
the last two somewhat confusing com- 
parisons is that the relationships cor- 
respond to that condition of equilibrium 
of the Lotka-Volterra equations for com- 
petition in which it can be shown math- 
ematically that T. confusum should drive 
out T. castaneum (cf. Crombie, 1945). 
This is what usually happens in competi- 
tion when the cultures have not been 
freed from the sporozoan parasite Adelina 
tribolii (Park, 1948). The Lotka-Vol- 
terra equations are of course concerned 
with the sum total effect of density on 
rate of increase, not only the effect of 
density on net fecundity, which is the 
consideration of this paper. It is, of 
course, possible that the density effects 
of the species on mortality may be quite 
different, but this is a facet of the total 
study which does not here concern us. 
In so far as net fecundity is one factor 
determining the actual rate of increase 
of the species, the differential effect one 
species has on the net fecundity of the 
other must be important in determining 
the outcome of competition. Rather small 


inhibits T. 


differences in rate of fecundity can effect 
large differences in the size of the popula- 
tion in a few generations. Some of 
the differences reported in this paper are 
of the order of 50%. It is of particular 
interest that the competitive relationships 
resulted in a reversal of the fecundity rates 
of the two species. In single species 
populations the average ratio of the fecun- 
dity of T. confusum to T. castaneum over 
all densities studied was 1:1.28. The 


confusum 
(depending on the density) than 
castaneum, 


ratio in populations in which each species 
was in the presence of seven times as 
many members of the other species was 
1.33:1. It should be noted that the results 
in this paper refer only to the effects in 


castaneum 
than 
confusum. 


the first generation of a population of two 
species. With successive generations both 
the main effects and the interactions may 
present a different picture. 


INTERPRETATION OF THE EFFECTS OF 
DENSITY IN SINGLE SPECIES AND 
MIxep SpeEcIEs POPULATIONS 

The significance of the effect of intra- 
species and interspecies competition on net 
fecundity in the interpretation of the gen- 
eral outcome of competition between the 
two species has been discussed in the pre- 
ceding section. There were two major 
findings, both of which now call for in- 
terpretation. In single species popula- 
tions there was a much greater reduction 
in fecundity of both species when density 
was increased with males and females 
(sex ratio unity) as compared with the 
reduction in fecundity when density was 
increased with males only. In mixed 
species populations there was a much 
greater reduction in net fecundity of T. 
castaneum when it was crowded with 
male T. confusum, as compared with the 
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TABLE 6. 


Showing the eggs eaten per day by varying numbers of adult male beetles 
in eight grams of flour containing 500 eggs 








T. confusum eating eggs Tl. castaneum eating eggs 


ot T. confusum of T. castaneum 





T. confusum eating eggs T. castaneum eating eggs 
ot T. castaneum of T. confusum 
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* Pairs significantly different at P = 0.005. 
+ Pairs significantly different at P = 0.01. 


reduction when crowded with its own 
males. 

[t is possible that there may be some 
special direct effect of beetles of one sex 
or species on the real fecundity of other 
females. On the other hand, it is con- 
ceivable that such effects as have been 
observed may be brought about indirectly 
through cannibalism of eggs. Cannibalism 
of eggs is more readily investigated than 
real fecundity ; some consideration 1s there- 
fore now given to the role of cannibalism 
in the interpretation of the results. 

Two possible effects of cannibalism 
were investigated in relation to the two 
major findings referred to above. 

l. Mixed species populations. Can- 
nibalism could account for some of the 


T. confusum eating 
T. castaneum_ eating 
T. confusum eating 
T. castaneum eating 


differences in net fecundity rates of 
mixed species populations as compared 
with single species populations if imagoes 
discriminate in their egg-eating activities 
between the eggs of the two species. An 
experiment was therefore started to deter- 
mine the appetites of imagoes at different 
densities for eggs of either species, egg 
density being the same in all tests. 


A series of vials was set up contain- 
ing 8 grams of medium, 500 eggs randomly 
distributed in the medium and varying 


numbers of adult male beetles. After 72 
hours the eggs which remained were 


counted. The difference between this 
number and 500 gives the number eaten. 
The beetles were returned to 8 grams of 
fresh medium with a new batch of 500 
eggs, and again the number remaining 
at the end of three days was counted. 
This was repeated until a total of seven 
observations per vial was made. The 
number of replications of each experiment 
varied from 12 to 20. (See table 6.) 
There were four series of experiments 


16 and 80 


each at total densities of 2. 


beetles : 
eggs of T. confusum 
eggs of T. castaneum 
eggs of T. castaneum 
eggs of T. confusum 


The experimental plan and results are 
shown in table 6. Every mean differ- 
ence between, density is significant at 
P < 0.0000. Within densities, both within 
and between species, there are only two 
comparisons in which differences are sig- 
nificant (table 6). It is evident that total 
cannibalism increases with adult density 
for both species, but rate of cannibalism 
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decreases with density for both species 
(column “eggs eaten per male”). There 
are no striking differences between species 
in the rate of egg consumption either of 
their own eggs or of eggs of the other 
species. The one exception involves in- 
creased cannibalism of T. castaneum when 
consuming 7. confusuwm eggs at a density 
of 80 imagoes per 8 grams. As suggested 
by the coefficients of variability, T. cas- 
taneum appears to cannibalize with less 
relative variation than does T. confusum. 
It is reasonable to conclude from these 
experiments that cannibalism does not 
account for the differences in net fecun- 
dity of mixed species as compared with 
single species populations. The only al- 
ternative is to conclude that when one 
species affects the net fecundity of the 
other, it is owing to some direct effect of 
crowding on real fecundity. 

2. Single species populations. The 
problem here is to account for the differ- 
ence in net fecundity when females are 
crowded only with males on the one hand, 
and females and males in equal numbers 
on the other. 

In a typical experiment with a single 
species, comparison was made between the 
net fecundity per female of 8 females in 
the presence of 8 males and the net fecun- 
dity of one female in the presence of 15 
males. By virtue of the larger number 
of females in the population with a sex 
ratio of unity, there is a larger total num- 
ber of eggs each week in the flour, but the 
total number of egg-eating adults is the 
same for the two series of experiments. 
This higher egg density must result in a 
higher cannibalistic rate in populations in 
which sex ratio is unity, since the rate of 
cannibalism increases with egg density 
(Boyce, 1946). It remains to be con- 
sidered whether this different rate of 
cannibalism can acount for the differ- 
ence in the net fecundity of the two 
series of experiments. <A series of ex- 
periments was required in which can- 
nibalism was measured at different egg 
densities. Use has therefore been made of 
table VI in Boyce’s (1946) paper which 





TABLE 7. Estimated number of eggs eaten per day 
by varying numbers of adult male T. confusum 
in 8 grams of flour containing variable numbers 
of eggs at 27° C. Adapted from Table VI 
(Boyce, 1946). (Boyce’s table has been multi- 
plied throughout by a factor of 8/5 in order to 
make it applicable to 8 grams samples of 
medium) 














Number of Number of eggs per culture 

beetles — ——— - 

per 8 grams 80 240 560 
1.6 03 1.53 —.70 
3.2 19 — .99 —.70 
6.4 1.76 4.46 11.60 
13.0 1.69 11.28 37.70 
26.0 2.73 12.38 38.50 
51.0 4.48 20.78 50.70 
103 4.73 20.28 111.10 





gives the cannibalism of different num- 
bers of adult 7. confusum at different egg 
densities. Boyce’s experiments were car- 
ried out with 5 grams of medium, whereas 
the experiments described in this paper 
were carried out with 8 grams of medium. 
The figures in Boyce’s table have there- 
fore been converted to an 8 gram basis 
by multiplying by *%5 to give table 7. 
Boyce’s experiments were also carried out 
at 27° C. and not at 28.5° C. as were the 
experiments reported in this paper. How- 
ever, the error introduced in using her 
data in this paper is evidently small. This 
is born out by the examination of com- 
parable sections of tables 6 and 7. The 
rates of cannibalism of 560 eggs in table 
7 are not greatly different from those 
shown in table 6. 

Consideration will first be given to the 
extent to which cannibalism may account 
for the reduction in fecundity of a single 
female crowded with 15 males of the same 
species (table 8). A single female of 7. 
confusum associated with only one male 
has a net fecundity of 11.4 eggs per day 
When one female 7. confusum is as- 
sociated with 15 males, the net fecundity 
is 10.2 eggs per day. During the seven 
days between egg counts there would be 
an accumulation of 10.2 x 7 = 71.4 eggs. 
At this egg density cannibalism accounts 
for a total of 1.7 eggs per day (table 7). 


0 


0 
0 
0 
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This is more than the difference 11.4 — 
10.2, indicating that cannibalism is more 
than sufficient as a factor to account for 
the reduction in net fecundity when density 
is increased from two to sixteen by the 
addition of male beetles. 

We shall consider next the extent to 
which cannibalism may account for the 
further reduction in net fecundity when 
the total density is 16 but the sex ratio 
is equal (table 8). The net fecundity in 
this case is only 6.6 eggs per female per 
day. During the seven days between egg 
counts there would be an accumulation of 
6.6 X 7 X 8 = 369.6 eggs in the culture. 
At this density the interpolated figure for 
total cannibalism (table 7) is 23 eggs per 
culture per day. In terms of the number 
of females in the culture 7%< = 2.9 eggs 
disappear by cannibalism each day for 
each female present in the culture. That 
is to say, cannibalism alone could account 
29 
11.4 
in net fecundity, whereas the actual reduc- 
4.8 
114 * 100 = 42%. 
These are almost certainly minimum 
estimates of cannibalism, since they are 
based on egg densities after cannibalism 
has operated, owing to the fact that real 
fecundity is unknown. From table IIT in 
Boyce (1946) it can be shown that when 
density was increased from 2 to 16 with 
equal sex ratio, cannibalism was respon- 
sible for 20% of the total reduction in net 
fecundity. This is of the same order as 
the present estimate. The remaining 80% 
reduction in net fecundity evidently results 
from some direct effect of crowding. 


for x 100 = 26.4% of the reduction 


tion in net fecundity is 


The foregoing analysis shows that can- 
nibalism can account for the total small 
reduction in fecundity when a female is 
crowded with 15 males but that it only 
accounts for 26% of the reduction in net 
fecundity when females are crowded with 
equal numbers of both sexes to the same 
total density. In other words, there is no 
direct effect of crowding on reduction of 
fecundity at this density when the crowd- 
ing insects are males. There is, on the 
other hand, a direct effect of crowding by 
females which must account for at least 
74% of the reduction in fecundity when 
density is increased from 1 pair to 8 pairs. 

It is appropriate to consider next the 
extent to which cannibalism may account 
for the reduction in net fecundity when 
a female is crowded with more than 15 
males. In the absence of any data on the 
direct effect of crowding on fecundity, it 
is necessary to proceed on the assumption 
that crowding by males has no direct 
effect on reduction of fecundity. This as- 
sumption may eventually prove to be 
unwarranted. It is, however, of interest 
to consider, on the basis of this assump- 
tion, whether cannibalism could account 
for the reduction in net fecundity obtained 
in the experiments. Table 9 shows the 
results of such calculations. Column three 
is derived from table 7. 

The table shows that the reduction in 
net fecundity of single females when 
crowded with their own males could be 
accounted for if there is no direct effect of 
density in reducing the number of eggs 
laid. There is no evidence available to 
prove or disprove this assumption and so 
it can only be said that this is a possible, 


TABLE 8. Showing the estimated effect of cannibalism on the net fecundity of T. confusum 


Net fecundity 








(eggs per 

temale 

Density Composition per day) 
2 1 female, 1 male 11.4 
16 1 female, 15 males 10.2 


16 8 females, 8 males 6.6 





Reduction in net fecundity 
due to cannibalism 
Total eggs Eestimated total -———— — — —_—_—__ — 








in culture cannibalism Eggs per 
at end of per day female Per cent 
7 days (from table 7) per day reduction 
79 0.03 0 0 
71 1.70 1.7 100 
370 23.0 2.9 26.4 
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TABLE 9. Showing the estimated effect of cannibalism on the net fecundity of single female T. confusum 
crowded with their own males, when it is assumed that crowding has not a direct effect 
in reducing fecundity 














Estimated Estimated 
number of number of Estimated Estimated Actual 
Total eggs laid eggs eaten net fecundity net fecundity net fecundity 

density in 7 days in 7 days for 7 days per day per day 
2 80 0 80 11.4 11.4 
16 80 14 66 9.4 10.2 
30 80 35 45 6.4 8.4 
60 80 45 35 5.0 7.4 





but not necessarily the only, interpretation 
of the results. 

From the arguments concerning the 
lower density of 16 beetles per 8 grams it 
can be concluded that crowding by males 
has no significant direct effect on real 
fecundity but that crowding by females 
has.” From the arguments at the higher 
density of 80 beetles per 8 grams, the 
same effect is suggested though not con- 
clusively demonstrated. 

Park (1933) has shown that under 
some conditions increased copulation fre- 
quency results in increased fecundity. It 
was considered possible that some such 
effect may have operated when females 
were crowded with males only. A series 
of experiments was therefore carried out 
in which single females were associated 
with 1, 15 and 59 males respectively for 
a week. All the males except one were 
then removed and the fecundity of the 
female assayed over a further week. Dur- 
ing this week there was no significant 
difference in fecundities of the different 
females, suggesting that under the condi- 
tions of these experiments copulation fre- 
quency was not a factor of importance. 

The role of cannibalism in the reduction 
of net fecundity of females crowded with 
equal numbers of males and females has 
been determined by Boyce (1946). She 
has shown that cannibalism accounts for 
20% of the reduction in net fecundity 
when density was increased from 1 to 8 
pairs of beetles in 5 grams of medium, but 
at higher densities the role of cannibalism 
is smaller and the direct effect of crowding 
is greater. 


The data on cannibalism help consider- 
ably in our understanding of the operation 
of density in the reduction of fecundity of 
T. confusum in single species populations. 
There is evidence that the effect of males 
on net fecundity is primarily caused by 
their cannibalism ; but that females have a 
direct crowding effect on real fecundity 
which is always greater than the effect of 
cannibalism and particularly so at higher 
imago densities. 

In the absence of sufficient information 
on the effect of egg density on cannibalism 
by T. castaneum, corresponding estimates 
of the role of cannibalism in reduction of 
the net fecundity of this species as density 
increases cannot be given in this paper. 


SUMMARY 


The study forms one unit of a long- 
range program on the quantitative anal- 
ysis of competitive or selection pressures 
existing between two populations of flour 
beetles, 7. confusum and T. castaneum. 
It is already clear from other findings that 
it is impossible for these two species to 
co-exist indefinitely in one population 
under environmental conditions similar 
to those in the present work. In this 
paper an anlysis is made of the effect of 
density (both intraspecific and interspe- 
cific) on the net fecundity of the beetles 
and its significance in interpreting the 
outcome of competition between the two 
species. Net fecundity (eggs laid minus 
eggs eaten) was assayed under constant 
conditions of temperature, humidity, and 
food supply, but maintained at different 
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population densities of the single and 
mixed species. 

A. For single species populations the 
following results were established: 


(1) T. castaneum exhibited higher net 
fecundity than 7. confusum at all 
densities. This clearly seems to be 
a species specific difference. 

(2) The net fecundity of both species was 
reduced proportionately by the same 
amount as the crowding increased. 

(3) When crowded with males only of 
the same species, the net fecundity of 
females was reduced much less than 
when crowded with males and fe- 
males (sex ratio unity). There is 
evidence that the reduction in net 
fecundity of females crowded with 
males only up to a total density of 16 
insects per 8 grams of medium could 
be accounted for by cannibalism 
alone. When, however, density was 
increased to the same extent with 
equal numbers of males and females, 
the reduction in net fecundity was 
much greater but cannibalism ac- 
counted for only 26% of this reduc- 
tion. It is apparent that the major 
effect of crowding by females is a 
direct effect on real fecundity. No 
reason can at present be advanced 
for these interesting differences be- 
tween the sexes. 


Although the total cannibalism increased 
with adult density (when the number of 
eggs available was kept constant) the rate 
of cannibalism (eggs eaten per insect) 
decreased with density for both species. 
This probably accounts for the reduced 
significance of cannibalism at higher den- 
sities. There were no striking differences 
in the rates of egg consumption of the two 
species. 

B. For the mixed species populations 
the following results were established : 


(1) The net fecundity of T. confusum is 
inhibited by T. castaneum (males) 
to the same extent as T. confusum in- 
hibits itself, but T. confusum inhibits 


T. castaneum to a greater extent than 
T. castaneum inhibits itself. 

(2) T. castaneum inhibits the net fecun- 
dity of T. confusum to the same ex- 
tent or a little more (depending on 
the density) as T. castaneum inhibits 
itself. JT. confusum inhibits T. cas- 
taneum more than T. confusum in- 
hibits itself. These findings fulfil 
the conditions appropriate for the 
Lotka-Volterra equations descriptive 
ot the conditions in which one species 
would be expected to drive out the 
other in competition. 

(3) Whereas in single species popula- 
tions the average ratio of net fecun- 
dity of T. confusum to T. castaneum 
over all densities studied was 1: 1.28, 
in populations in which each species 
is in the presence of 7 times as many 
members of the other species the 
ratio is reversed to 1.33: 1. 

(+) The effect of competition on net 
fecundity could not be accounted for 
by cannibalism. Neither species ex- 
hibited any preference for eggs of one 
or other species. 


It is concluded that T. confusum has a 
direct inhibiting effect on the rate at which 
T. castaneum lays eggs. 

C. The general conclusion reached is 
that the net fecundity of either species is 
reduced more when crowded with females 
than with males. The effect of males 1s 
due primarily to cannibalism of eggs 
whereas the effect of females is due to an 
additional direct effect of crowding on real 
fecundity. In mixed species populations 
T. confusum inhibited the net fecundity 
of T. castaneum more than T. castaneum 
inhibited itself. This important effect 
cannot be explained as a result of dif- 
ferential cannibalism of eggs by either 
species, for they have no _ preferences. 
It is evidently related to a direct inhibiting 
effect of T. confusum on the real fecundity 
of T. castaneum. 

The consideration of crowding of one 
species on the net fecundity of the other 
would lead to the expectation that T. 
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confusum would drive out T. castaneum 
in competition. This is what happens 
in competition under certain experimental 
conditions (Park, 1948). It is not con- 
cluded, however, that net fecundity reduc- 
tion is the prime factor operating to de- 
termine the competitive relationship be- 
tween the two species. This would be 
a premature conclusion, since crowding 
operates by increasing mortality rates as 
well as by reducing fecundity rates. The 
effect of differential crowding on mortality 
rates is a facet of the total problem of 
competition between these two species 
which has not yet been investigated. The 
present study illustrates the complex re- 
lationships which exist between competing 
species, even when only one aspect of the 
relationship, namely net fecundity, is con- 
sidered. It is only, however, by detailed 
analysis of the influence of density on 
each component of population increase, 
that the real nature of competition will be- 
come elucidated. 
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INTRODUCTION 


After analyzing introgressive hybridiza- 
tion in the field in a number of genera, 
it became increasingly evident that such 
mongrelized populations shared a certain 
peculiar aspect. Though quite different 
characters were being used for population 
analysis in each genus, nevertheless there 
seemed to be something about introgressive 
variation so characteristic that with prac- 
tice one might, just from looking at a 
population, be reasonably certain that there 
had been hybridization and extensive 
back-crossing. The possibility of recog- 
nizing introgression in organisms with 
which one was unacquainted was at first 
dismissed as fantastic until repeated ex- 
perience proved not only that such in- 
tuitive perception could occur, but that, to 
a certain extent, it was even communi- 
cable. The large number of cases of intro- 
gression (the majority of them unpub- 
lished) which have been discovered and 
analyzed in the past decade are largely 
due to increasing ability to spot introgres- 
sion in the field, sometimes almost  in- 
stantly and frequently in organisms with 
which one was unfamiliar. The unini- 
tiated sometimes complained that we 
“were seeing hybrids under every bush.” 
The truth of the matter was that we had 
learned under exactly which bush to look 
if we wished to find hybrids for study. 

The fact of intuitive hybridization per- 
ception having thus been forced upon our 
attention, I was led to study it as a 
phenomenon of scientific importance. 
Biological intuition, though frequently in- 
articulate, is not necessarily something 
mystical and unscientific. It usually rests 
on an almost instantaneous recognition of 
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certain combinations of facts as significant 
for certain problems. While those en- 
dowed with such intuition do not ordinar- 
ily attempt to study their own perceptive 
processes, I had been forced to do so in 
my earlier studies of the species problem, 
and realized that though such a quest was 
difficult it was not entirely impossible. 
The following hypothesis of discordant 
variation as a criterion of introgression is 
the result of this attempt. Though orig- 
inally derived by working backwards from 
the perception to the facts, and then by 
building an appropriate hypothesis on 
these facts, it is here presented directly. 
It is put forward with greater confidence 
because not only is it based on demon- 
strable facts; the very notion of forming 
such an hypothesis grew out of field ex- 
perience. 


TRENDS IN PROPORTIONS AND 
SpecIES DIFFERENCES 


Closely related species, whether of ver- 
tebrates, flowering plants or insects, will 
usually be found to have the same kinds 
of parts and frequently the same number. 
When we examine corresponding parts of 
two species, however, we will find that 
they usually differ in three ways: in 
magnitude, in proportion, and in trend in 
proportion; the latter is a particularly 
characteristic species difference. Figure 
1 illustrates a simple case, the leaves of 
two Padus cherries, Prunus virginiana 
and Prunus serotina. On the average, 
leaves differ in size and in shape in these 
two species. However, it is possible, even 
in a small sample, to find a single leaf of 
one tree which is the same size and even 
almost the same shape as a leaf on the 
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PRUNUS SEROTINA 


Fic. 1. Leaf shape in two Padus cherries: tracings of typical 
leaves from herbarium specimens. 


other species. The outstanding difference 
between the two species is in the trend in 
proportion. As the leaves of Prunus 
virginiana get longer they get correspond- 
ingly broader, or even a little more so. 
As the leaves of P. serotina get longer 
they get only slightly wider. In P. 
serotina therefore the largest leaves are 
the narrowest, the smallest the broadest; 
in P. virginiana the reverse is true. Nor 
is this an isolated example. When the 
variation in leaf length with regard to leaf 
width is examined for other pairs of re- 
lated genera in various families ot the 
flowering plants, it will frequently be 
found that they differ in trend as well as 


in size and in proportion. Such differ- 
ences in trend of related parts seem to be 
generally characteristic of specific differ- 
ences. For petal length vs. petal width or 
petal length vs. sepal length I have found 
such differences in trend in all the material 
for which I have population samples. For 
Iris virginica vs. Iris versicolor we have 
really extensive data. These two species 
were investigated from the Gulf Coast 
to northern Canada and from the Atlantic 
seaboard to Minnesota, in an effort to 
compare intra-specific and inter-specific 
differences as extensively and precisely 
as posisble (Anderson, 1936). Figure 2 
shows the overall relationships between 
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variation in sepal and petal lengths for the 
two species. The data from each species 
have been averaged by regions. It will be 
seen that on the whole /. versicolor is 
smaller than Jris virginica; this is a dif- 
ference in magnitude. It also differs in 
having a proportionately smaller petal. 
Finally it differs in trend: In /ris versi- 
color the largest flowers have petals which 
are proportionately smaller than those 
of the smallest flowers. These trends are 
characteristic of each species; further- 
more no two species seem to have quite 
the same trend. Figure 3 shows the rela- 
tionship between petal and sepal variation 
for four other species of /ris in which I 
have measured variation in natural popula- 
tions. It will be seen that they all differ 
from each other and from /ris virginica 
and /ris‘versicolor. 

There is every indication that this con- 
dition is general among all groups of plants 
and animals. The proportion of any two 
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dimensions of one part or the proportion 
of one part to another related one, will be 
found to follow a characteristic trend in 
each species, a trend which is character- 
istically different from one species to an- 
other. In addition to petal length versus 
sepal length and leaf width vs. leaf length, 
we have investigated such relationships as 
ultimate internode vs. penultimate inter- 
node ; petiole 'ength vs. pedicel length; rib 
length of primary umbel vs. rib length of 
secondary umbel, etc., in the higher plants. 
Examination of the literature shows that 
similar relationships obtain for length of 
hind limb vs. length of fore limb, length of 
upper arm vs. length of lower arm, etc., 
in the vertebrates. The subject has been 
touched on by a number of authors though 
never in exactly this connection. In his 
volume on ‘‘Problems of Relative Growth,’ 
Julian Huxley summarized the informa- 
tion on relative growth gradients which 
lead to this relationship. 
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Fic. 2. Petal and sepal length relationship in Jris virginica var. Shrevei and Iris versi- 
color, averaged by geographical regions. Each dot represents average values for all plants 


measured in one region. 
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Leaf shape in two Padus cherries: tracings of typical 


leaves from herbarium specimens. 


other species. The outstanding difference 
between the two species is in the trend in 
proportion. As the leaves of Prunus 
virginiana get longer they get correspond- 
ingly broader, or even a little more so. 
As the leaves of P. serotina get longer 
they get only slightly wider. In P. 
serotina therefore the largest leaves are 
the narrowest, the smallest the broadest ; 
in P. virginiana the reverse is true. Nor 
is this an isolated example. When the 
variation in leaf length with regard to leat 
width is examined for other pairs of re- 
lated genera in various families of the 
flowering plants, it will frequently be 
found that they differ in trend as well as 


in size and in proportion. Such differ- 
ences in trend of related parts seem to be 
generally characteristic of specific differ- 
ences. For petal length vs. petal width or 
petal length vs. sepal length I have found 
such differences in trend in all the material 
for which I have population samples. For 
Iris virginica vs. [ris versicolor we have 
really extensive data. These two species 
were investigated from the Gulf Coast 
to northern Canada and from the Atlantic 
Minnesota, in an effort to 
compare intra-specific and_ inter-specific 
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variation in sepal and petal lengths for the 
two species. The data from each species 
have been averaged by regions. It will be 
seen that on the whole /. versicolor is 
smaller than /ris virginica; this is a dif- 
ference in magnitude. It also differs in 
having a proportionately smaller petal. 
Finally it differs in trend: In /ris versi- 
color the largest flowers have petals which 
are proportionately smaller than those 
of the smallest flowers. These trends are 
characteristic of each species; further- 
more no two species seem to have quite 
the same trend. Figure 3 shows the rela- 
tionship between petal and sepal variation 
for four other species of /ris in which I 
have measured variation in natural popula- 
tions. It will be seen that they all differ 
from each other and from /ris virginica 
and /ris‘versicolor. 

There is every indication that this con- 
dition is general among all groups of plants 
and animals. The proportion of any two 
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dimensions of one part or the proportion 
of one part to another related one, will be 
found to follow a characteristic trend in 
each species, a trend which is character- 
istically different from one species to an- 
other. In addition to petal length versus 
sepal length and leaf width vs. leaf length, 
we have investigated such relationships as 
ultimate internode vs. penultimate inter- 
node ; petiole length vs. pedicel length; rib 
length of primary umbel vs. rib length of 
secondary umbel, etc., in the higher plants. 
Examination of the literature shows that 
similar relationships obtain for length of 
hind limb vs. length of fore limb, length of 
upper arm vs. length of lower arm, etc., 
in the vertebrates. The subject has been 
touched on by a number of authors though 
never in exactly this connection. In his 
volume on “Problems of Relative Growth,” 
Julian Huxley summarized the informa- 
tion on relative growth gradients which 
lead to this relationship. 
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EFFECTS OF INTROGRESSION UPON 
POPULATION ASPECTS 


We shall now use these facts to dem- 
onstrate the effects of introgression upon 
population aspect. Let us conceive of two 
species of the hypothetical genus Planta 
which differ strikingly in their trends for 
leaf shape and internode pattern. We 
shall conceive of one species, hereinafter 
to be known as Planta elongata whose 
leaves become proportionately narrower 
as they become longer, whose internodes 
become successively slightly longer as one 
proceeds up the stem. Our other species, 
to be known as Planta ovalifolia, has leaves 
which are increasingly broad as they be- 
come larger and whose internodes decrease 
markedly in length towards the apex. The 
leaf shape difference, it will be noted, is 
similar to that reported for Prunus, the 
internodes pattern difference is roughly 
equal to that between the terminal inter- 
nodes in Tradescantia sub-aspera and 
Tradescantia bracteata. We begin our 
demonstration by drawing the two sets of 
equations (fig. +) which describe the 
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leaves and the internodes of the two 
species. We now proceed to construct 
plants of either species. To do so we lay 
off equal intervals along the line represent- 
ing the leaf equation and along the line 
representing the internode equation. By 
choosing four equally spaced spots on the 
internode equation for P. elongata we can 
read off the lengths of its four internodes. 
To provide this stem with leaves we choose 
four equally spaced points on the leaf equa- 
tion and construct these widths and 
lengths as ideal ellipses. By attaching the 
diagrammatical leaves to the diagram- 
matical stem we have finished one plant. 
In this way we can provide as large a 
population of plants of either species as 
we require. Figure 5 shows ten plants 
of each. No two leaves of elongata are of 
exactly the same size or shape, no two 
plants have exactly the same internode 
pattern. All the leaves however can be 


described by one mathematical equation, 
as can all the internode patterns. This 
population of Planta elongata, therefore, 
all varies on one theme and the variation 
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Fic. 3. Sepal and petal length relationships in four /ris species. The heavy lines correspond 
to the actual range of variation among the individuals measured. 
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as a whole is harmonious to a perceptive 
eye. We shall define this type of pop- 
ulation variation as CONCORDANT. 
Planta elongata varies concordantly, so 
does Planta ovalifolia, and the differences 
between them are the kind of differences 
one finds between two good species of the 
same genus, whether of plants, insects, or 
vertebrates. 

The same figure illustrates what will 
happen to the variation pattern when the 
two species are hybridized. In such crosses 
trends in variation are inherited much like 
other multiple factor differences between 
species. The F-1 will be somewhat 
intermediate and the second generation 
plants will show various degrees of in- 
termediacy between the regression slopes 
of the two species; some may even reach 
the parental extremes in this respect. To 
construct our hypothetical F-2 we there- 
fore laid off a series of intermediate slopes 
for leaf shape and for internode pattern. 
Since every F-2 individual is a law unto 
itself we laid off separate slopes for each 
individual and calculated from these slopes 
the leaf shapes and internode pattern for 
that one plant. These were then as- 
sembled to form the hypothetical plants 
shown in figure 5. 

In our hypothetical F-2 there is no 
longer variation on one theme. Each 
plant has its own internode theme and its 
own leaf shape theme. Whereas the pop- 
ulations of P. elongata or of P. ovaltfolia 
could each be defined by two equations, 
one for the leaves and one for the inter- 
nodes, for the F-2 population shown in 
figure 5, one now needs two equations for 
each plant. The general overall effect is 
immediately apparent to a perceptive eye. 
The variation pattern lacks the simple 
harmonious relationships of the pure 
species. Variation is no longer con- 
cordant, it is DISCORDANT. 

It was by the discordance or concord- 
ance of population variation patterns 
therefore that we had been able to rec- 
ognize introgression in genera and in floras 
with which we were unfamiliar. In good 
species there may be much variation but it 
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is always on one theme: it is harmonious. 
When introgression takes place there 
will be a bewildering multiplicity of varia- 
tion patterns and the population variation 
is discordant ; roughly speaking the greater 
the discordance, the more extreme the 
introgression. Though F-2 populations 
are interesting for purposes of genetic 
analysis, they are seldom met with in 
nature. Ordinarily the results of hybrid- 
ization are to produce a series of succes- 
sive backcrosses to either or both parental 
species. For our illustration we have 
chosen backcrosses to P. elongata. In 
the first backcross we normally find trends 
which are intermediate between that of 
the F-1 and that of the recurrent parent, 
trends fairly close to those of the recurrent 
parent tending to be in the majority for 
a variety of reasons. Accordingly we 
have drawn off a series of slopes in- 
termediate between the F-1 and the re- 
current parent and from them calculated 
the hypothetical backcrosses. In nature, 
however, one frequently finds backcross 
individuals mingling with unmongrelized 
specimens of the recurrent parent and we 
have therefore mixed diagrammatical P. 
elongata about half and half with back- 
cross individuals to produce the hypothet- 
ical introgressive population of the final 
figure (fig. 6). 

If one will now compare carefully 
figures 5 and 6, he will note the increasing 
discordance of the population variation as 
one passes from the pure species to a 
mixture with backcrosses, and then to 
a second generation population. The F-2 
is clearly the most discordant and the pure 
species the least so. 

Figure 6 also demonstrates a most im- 
portant fact about introgression; until 
it is very severe, introgression does not 
suggest hybridization. If we compare 
pure P. elongata with elongata suffering 
slight introgression from ovalifolia (fig. 
6), the second population does not im- 
mediately suggest ovalifolia, it merely 
looks like a more variable P. elongata. 
This is almost universally true in the 
natural populations which we have an- 
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alyzed; it was largely for this reason 
that the word “introgression” was coined, 
to define one of the results of hybridiza- 
tion which produces effects not at all 
similar to those one ordinarily thinks 
typical of that phenomenon. In our first 
studies of introgression in Tradescantia 
we did not recognize introgression until 
after we had made the artificial hybrids 
and produced artificial backcrosses. In 
the studies of Gulf Coast Irises (Riley, 
1938) the only reason introgression from 
[ris fulva was immediately recognized was 
hecause we were thoroughly familiar with 
the garden hybrids of these and other 
| In Oxytropus introgression of 
O. Lambertu into O. albiflorus was sus- 
pected only because Lambertu was bright 
pink and the clearly discordant variation 
albiflorus included a number of 
Even 


species. 


in Q. 
pale pinks and pale blue flowers. 
in this case, however, we did not even 
suspect the reciprocal introgression of 
albiflorus into Lamberti until the analysis 
of the reverse introgression had made us 
thoroughly acquainted with certain re- 
combinations of the two species. For 
vears | have been interested, along with 
many others, in the beautiful variations ot 
flower and form in Phlox bifida. 
With a background of population analysts 

was readily apaprent that the variation 


ml . 
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was discordant and a large collection was 
made to test this hypothesis. Not, how- 
until this collection had been me- 

1 


lously studied character by character 


ever. 
tict 
and plant by plant, did a concept of the 
introgressive species begin to emerge from 
the character correlations of the popula- 
tion. Only by experiment and by popula- 
tion analysis can introgression be assayed. 
Preliminary investigations in a number of 
genera suggest that introgression may be 
one of the main causes of population 
variability and hence one of the most 1m- 
portant factors in natural selection. How- 
ever, as the above figures demonstrate, 
introgression can be a subtle phenomenon. 
By the time of the second backcross its 
purely morphological effects are approach- 
ing the vanishing point. Only by the most 


rigorous and exhaustive analyses of par- 


141 


ticular cases will it be possible for us to 
make valid estimates of its importance in 
evolution. 
CONCLUSION 

The fact that species differ by trends in 
variation may prove to be one of those 
aspects of a good species which have 
previously defied analysis but which have 
been felt by various systematists. I have 
determined by actual experiment that when 
good herbarium material of two good 
species is given to taxonomists unfamiliar 
with that genus and with the flora from 
which it came, they usually come to a 
quick decision that (a) these specimens 
belong to two species and that (b) these 
two species belong in the same genus. 
These are subjective judgments, but note 
that one can make objective experiments 
such as this to prove general agreement 
in these judgments. This must mean that 
there are certain aspects of variation with- 
in and between species which make it 
possible to acquire an accurate under- 
standing of speciation directly from speci- 
mens. Discordant vs. concordant popula- 
tion variation patterns are probably only 
one of several morphological criteria, as 
vet only dimly felt, which may lie very 
close to the heart of the problem ot the 
species and the problem of the genus. 
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INTRODUCTION 


Chromosomes in excess of the normal 
complement, or supernumeraries, are 
known in a number of plants and animals 
(see Darlington, 1937; White, 1945; 
Melander, 1950). The diverse behavior 
and appearance of these supernumerary 
chromosomes indicate that they are of 
many different kinds. Some are hetero- 
pycnotic while others are not. Some are 
much smaller than chromosomes of the 
normal set while others may be much 
larger. Most supernumerary chromo- 
somes are present in all of the cells of 
the individuals in which they occur while 
in a few cases they are eliminated from 
part or all of the somatic cells and in 
some animals they may even vary in num- 
ber in the germinal cells. Supernumerary 
chromosomes may divide during the first 
meiotic division or during the second. 
There are supernumerary chromosomes 
that cannot be distinguished from the 
normal set while in most instances they 
are obviously not homologous with any 
of the basic complement. They pair 
normally in some cases but often show a 
greatly reduced capacity to form bivalents. 
The characteristics that supernumeraries 
have in common are that they are variable 
in number from individual to individual 
and do not ordinarily affect the appear- 
ance of the individuals in which they 
occur. 

Supernumerary chromosomes are 
known to occur in natural populations of 


1 This study was begun while the author was 
a National Research Council Fellow resident 
at the John Innes Horticultural Institution, 
Merton (now at Hertford), England, and has 
been continued with a grant from the Committee 
on Research of the University of California, 
Los Angeles. The author is most grateful to 
these organizations. 
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both plants and animals but in most of the 
cases reported very little indication has 
been given of their geographical distribu- 
tion and frequency within the species con- 
cerned, or the place or time of origin. In 
some cases they seem to be of ancient 
origin. There is no reason to believe, 
however, that their formation is restricted 
to the remote past, for they may also be 
in process of formation at present. But 
whether particular supernumerary chro- 
mosomes are ancient or recent, whether 
they originated in the species in which 
they now occur or were derived from an- 
other species, they must, as White (1949) 
has stated, have had their origin some- 
where from some part of a chromosome 
complement. Suggestions have been made 
as to possible mechanisms for the origin of 
supernumerary chromosomes which may 
be applicable to particular cases. How- 
ever, origin of supernumerary chromo- 
somes in natural populations has not as 
yet been demonstrated. The purpose of 
this paper is to describe the frequency 
of supernumerary chromosomes in natural 
populations of Clarkia elegans Dougl. 
(Onagraceae ) and to suggest a mechanism 
whereby these, at least, may have been 
added to the normal complement. 
Clarkia elegans is endemic to California. 
It occurs in great abundance in the oak 
woodland from San Diego County in the 
south, to Mendocino and Butte Counties 
in the north, at elevations from sea level 
to about 4,000 feet (fig. 1). This species 
is an annual with protandrous flowers 
visited extensively by bees and hence 
doubtless outcrossed to a considerable ex- 
tent. However, it is self-compatible and 
self-fertilization is also probably frequent. 
Many seeds are set even when isolated 
plants are screened from insects, inas- 
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Fic. 1. The distribution of Clarkia elegans. The extent of its range is outlined. The 
location of the populations sampled is shown by dots. Where several samples were taken 
close to each other only one dot is indicated. 


much as pollen of the upper flowers may — seeds from natural populations. The seeds 
drop onto the large stigmas of the lower. were germinated at the same time and the ite 

Clarkia elegans is variable in both plants were grown under uniform condi- 
morphological and physiological char- tions. The intrapopulational differences 
acters, The nature of this variation has were far less than those between popula- 
been observed in garden populations tions. Within a population the morpho- 
derived from representative samples of logical characters most likely to show 
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variation were the kind and number of 
hairs on the ovary, the color pattern and 
shape of the petals. Different popula- 
tions were often characterized by differ- 
ences in the degree of variation of these 
same characters but often showed addi- 
tional differences in the size of the flower, 
shape of the buds and height of the plant. 
Physiological differences as indicated by 
the rate of growth and time of flowering 
showed relatively little intrapopulational 
variation but the population to population 
differences were often very notable, par- 
ticularly when the populations came from 
habitats differing in elevation. In general 
the populations from the lower elevations 
grow faster and flower sooner than those 
from higher elevations, indicating altitu- 
dinal differentiation similar to that of 
Achillea (Clausen, Keck and Heisey, 
1948). 

The chromosome number of C. e/egans 
has been reported as n =/7 (Johansen, 
1930), = 9 (Kachidse in Tischler, 1927 ; 
Hakansson, 1931; Geitler, 1937) and n = 
9 and 10 (Lewis, 1949). Despite this 
difference of observation the basic haploid 
number for this species seems certainly to 
be 9, as demonstrated in the present paper. 

A general survey of the chromosomes 
of all of the North American species of 
Clarkia (Lewis, l.c.) which included the 
examination of C. elegans from 11 local- 
ities indicated that the plants of this 
species from seven localities had 9 pairs 
of chromosomes while those from four 
showed 10 pairs. The plants with 10 
pairs of chromosomes were all from a 
local area in San Luis Obispo County. 
The present survey of C. elegans has in- 
volved the examination of 383 plants from 
114 localities. The populations examined 
were distributed over most of the geo- 
graphical range of the species (fig. 1), 
but larger and more frequent samples 
were taken from the areas in which earlier 
observations indicated the larger chro- 
mosome number. All of the populations 
were growing under natural conditions in 
undisturbed or, at most, moderately grazed 
sites. But there is no reason to believe 


way the result of a man-made disturbance. 


that the phenomena observed are in any 


One raceme of buds from each plant of 
a representative sample of the population 
was fixed in 1:3 acetic alcohol in the 
field and later examined in the laboratory 
using a modified Feulgen squash tech- 
nique. Permanent slides, representative 
specimens, and a list of the specific local- 
ities sampled are on file at the Herbarium 
of the University of California, Los 
Angeles. 


SUPERNUMERARY (HROMOSOMES 


The present survey had not progressed 
far when it became obvious that there 
were not just two categories, 2n = 18 
and 20, but rather that plants with as 
many as 6 chromosomes in addition to a 
basic complement of 1&8 occur and _ the 
range of numbers from 18 to 24 may occur 
within the same population. Further- 
more, plants with more than 18 chro- 
mosomes were not restricted to a few 
populations in San Luis Obispo County 
as had originally heen supposed, but were 
found throughout the South Coast Ranges 
from near San Francisco Bay to Cuesta 
Pass just north of San Luis Obispo (fig. 
2A). 

The frequencies of supernumerary chro- 
mosomes tound are tabulated in table 1. 
[t will be noticed that there is a slightly 
higher frequency of plants with an even 
number of supernumeraries than with an 
odd. <A detailed distribution of super- 
numeraries along a 7.5 mile transect is 


TABLE 1. Supernumerary chromosomes 


Number of 


supernumeraries Number of plants 


0) 236) 
] 30 
2 38 
3 3 
4 9 
5 1 
6 l 





Number in parentheses indicates those within 
the area in which supernumeraries occur. 
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146 HARLAN LEWIS 


TABLE 2. Frequency of plants between Santa 
Margarita and Creston, San Luis Obispo County, 
having the indicated number of supernumeraries 








Miles N. of Sta. Number of supernumeraries 


Margarita— 








Pozo Road 0 1 2 3 4 5 6 
1.6 5 2 1 
1.7 i 
1.85 8 4 1 
2.0 4 1 6 1 2 
2.4 + 1 
2.6 3 1 l l 
2.9 2 1 t 
3.0 1 l 
3.1 1 1 
3.4 4 1 
3.55 1 
3.8 2 
3.9 8 1 
4.0 5 
4.3 1 
4.4 4 1 
4.5 7 
5.0 9 1 1 
5.4 4 1 
5.6 5 1 
7.4 6 1 
7.7 1 
8.5 9 1 2 2 
8.6 1 
9.0 5 





shown in table 2. The samples are hardly 
large enough from which to draw definite 
conclusions as to the actual frequencies 
of supernumeraries. Nevertheless, the 
frequencies over the entire area as well 
as those of the above mentioned transect 
indicate that the supernumerary chromo- 
somes are more or less equally distributed 
or that there are many local centers of 
concentration rather than a single center 
from which there is a gradual decrease in 
frequency. 

Populations with mixed chromosome 
numbers have been examined closely for 
a possible correlation between the posses- 
sion of extra chromosomes and _ specific 
morphological characters. So far every 
attempt to predict the presence of super- 
numerary chromosomes from morpho- 
logical characters has failed. In one 
population with mixed numbers the plants 
growing in full sun and those growing in 
shade were sampled separately to see if 
any correlation could be found between 


local habitats and the number of chromo- 
somes. The earliest plants to flower and 
the lastest were also sampled separately. 
Supernumerary chromosomes were found 
in approximately the same proportions in 
these samples. However, the number of 
plants that could be determined in each 
sample was less than 10. From this small 
sample it can only be said that no tendency 
for plants with supernumerary chromo- 
somes to favor particular local habitats 
or to show differential response with re- 
spect to time of flowering could be 
demonstrated. There is, then, at present 
no evidence to suggest that the super- 
numerary chromosomes in Clarkia elegans 
have any effect upon the development or 
adaptedness of individuals possessing 
them. This is not, however, to say that 
plants with extra chromosomes may not 
react differently when subjected to par- 
ticular combinations of environmental 
factors. 

The normal set of chromosomes in 
Clarkia elegans forms 9 bivalents at 
meiosis. Six or seven pairs regularly in- 
dicate that chiasmata have been formed 
in both arms of the chromosomes and 2 
or 3 show chiasmata in only a single 
arm (fig. 3A). Chiasma frequencies have 
not been determined accurately because 
the prepartions did not permit study of 
stages earlier than late diplotene. How- 
ever, not more than one chiasma per arm 
has been observed for any of the chro- 
mosomes. 

The supernumerary chromosomes are 
not morphologically distinguishable from 
the normal set during mitosis or at meiosis. 
They can be recognized only when they 
occur as univalents and then only by their 
unpaired condition. Staining by the 
Feulgen reaction indicates that the super- 
numeraries are no more heterochromatic 
than the normal chromosomes. Thus, 
these supernumeraries are comparable to 
those reported by Hakansson (1945, 
1949) in plants that he called Godetia 
nutans and G. viminea, both of which are 
closely related to Clarkia elegans. On the 
other hand, they differ conspicuously from 
the heterochromatic supernumerary, frag- 
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Fic. 3. Camera lucida drawings of first metaphase chromosome associations in represent- 
ative pollen mother cells of Clarkia elegans. 


(A) 9 bivalents; (B) 10 bivalents; (C) 9 
(D) 7 bivalents, 1 quadrivalent chain; (E) 7 bivalents, 1 quadrivalent 
ring; (F) 6 bivalents, 1 hexavalent ring; (G) 5 bivalents, 1 octavalent chain, 1 univalent 
(This plant normally formed a ring of 8); (H) 5 bivalents, 1 quadrivalent chain, 1 quadri- 
valent ring, 2 univalents; (1) 7 bivalents, 1 trivalent, 1 univalent; (J) 7 bivalents, 1 quadri- 
valent; (K) 9 bivalents, 1 quadrivalent; (L) autotetraploid cell, 12 bivalents, 2 


2 quadrivalents, 
1 trivalent, 1 univalent. All of the material was prepared in the same way and examined 


bivalents, 2 univalents ; 


and drawn using the same instruments. All drawings X 1400. 
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ment, or B chromosomes reported for 
many other plants (see Darlington, 1937). 

The meiotic behavior of supernumerary 
chromosomes in Clarkia elegans is re- 
markably constant within any given plant, 
with a few notable exceptions, but there 
are differences from plant to plant de- 
pending upon the number of supernu- 
meraries and whether or not they are 
homologous. When only one supernu- 
merary chromosome was present it was 
invariably determined as a univalent at 
meiotic first metaphase. This univalent, 
like all other univalent supernumerary 
chromosomes in this species, was normally 
included with one of the anaphase groups 
of chromosomes, was not eliminated, and 
divided during the second meiotic division. 
When 2 supernumeraries were present, 
they were found to pair normally in 26 
plants, in which case they could not be 
distinguished from the normal set (fig. 
3B). These plants with 10 pairs of chro- 
mosomes were observed to produce micro- 
spores with 10 chromosomes with the 
same regularity that the normal plants pro- 
duce microspores with 9. On the other 
hand, eight plants with 2 supernumeraries 
consistently showed two unpaired chro- 
mosomes which apparently segregate at 
random to produce microspores with 9, 
10, or 11 chromosomes (fig. 3C). One 
plant with 2 extra chromosomes (680-1 ) 
showed variable associations while 3 plants 
could not be determined as to pairing. 
Three plants with 3 supernumeraries have 
been found. In one such plant the 3 
supernumeraries formed an extra pair 
and a univalent; the nature of pairing 
could not be determined in the other two 
cases. When 4 supernumeraries were 
present they formed two extra pairs in 
3 plants, one extra pair and 2 univalents 


TABLE 3. Frequency of plants showing the indicated translocation configurations 


in two other instances, while the nature 
of pairing was variable in 1 plant (655-1) 
and could not be determined in 3 plants. 
One plant (589-1) had 5 supernumerary 
chromosomes and showed variable con- 
figurations. One plant had 6 supernu- 
merary chromosomes but the nature of 
the association could not be definitely 
determined. 

The plants with a variable association 
of chromosomes will be discussed below. 
Considering now only those plants that 
showed a consistent behavior it would 
seem that: (1) the supernumerary chro- 
mosomes do not normally pair with the 
basic complement, an argument used by 
Hakansson (1949) to indicate that the 
supernumieraries in Godetia viminea were 
not trisomics; (2) there are at least 2 
nonhomologous supernumeraries ; when 1 
of each is present they remain unpaired 
during meiosis ; (3) when two homologous 
supernumeraries are present they pair 
normally and behave as part of the basic 
set. 

STRUCTURAL HETEROZYGOTES 


In the course of this survey it was found 
that many plants are heterozygous for 
one or more chromosomal rearrangements, 
particularly reciprocal _ translocations. 
Translocation heterozygotes that formed a 
ring of 4 have been reported in garden 
plants of Clarkia elegans by Hakansson 
(1931). 

The translocation configurations found 
in the naturally occurring plants and their 
frequencies are tabulated in table 3. It 
is of special interest to note that the 
occurrence of structural heterozygotes 
coincides almost exactly with the geo- 
graphical distribution of supernumerary 


chromosomes (fig. 2). This may be a 














| | 
Configuration! 1 7rr lave | 71) Utveh | 71 Ant tr | Orr Ivir | Sut 2tvr | Str liver liveh Sir Ivittr 


No. of plants 49 5 3 


| 
| 
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3 2 1 1 











'r = ring, ch = chain. 
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TABLE 4. Geographical frequency of plants with supernumerary chromosomes and 
translocation configurations' 
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Structural Structural 
homozygotes; Super heterozygotes 
no super- numeraries Structural with su per- 
Geographical area numeraries present heterozygotes numeraries 
Coast RANGES 
Napa County 1 _ — 
Contra Costa Co. 1 — — — 
Santa Cruz Mts. 13 2 6 — 
Monterey County: 
Tassajara 1 4 4 2 
Bradley-Jolon 13 3 2? 1 
San Benito and Western 
Fresno Counties 5 1 4 1 
San Luis Obispo County: 
Paso Robles—Cambria 37 13 20 4 
Morro Bay—Atascadero 8 5 4 2 
Shandon—Sta. Margarita 93 44 22 7 
Sta. Margarita—La Panza 16 11 4 4 
Cuesta Pass 5 5 — — 
South of Cuesta Pass 6 — — a 
Santa Barbara County 9 - ~ — 
Los Angeles County 13 — —_ _ 
SIERRA NEVADA 26 —- — — 
227 88 66 21 








' Thirty-three plants in which the nature of meiotic pairing, and hence translocation configura- 
tions, could not be observed are included in the first two columns. 


coincidence due partly to the much heavier 
sampling in the area known to have plants 
with more than 18 chromosomes (see 
table 4+), but it is also possible, and even 
likely, that the two phenomena are related. 
This, however, does not mean that a 
plant having supernumeraries is more 
likely to be heterozygous for a structural 
rearrangement or vice versa, but rather 
that the presence of supernumeraries in 
the population may be a consequence of 
chromosomal rearrangements. 

Configurations are found which can 
readily be explained as representing trans- 
location heterozygotes, namely, a chain of 
4, a ring of 4, 6, or 8, 2 rings of 4+ and 
a ring and chain of 4 chromosomes (fig. 
3D, E, F, G, H). To account tor these 
configurations, genomes of the following 
types are assumed (see fig. 4): 


A. Primary arrangement; no_ trans- 
locations or other structural changes. 
B. Interchange between two chromo- 
somes (1-2, 3-4 become 1-4, 3-2). 


D. 


Interchange between two chromo- 
somes, one of which was involved 
in the interchange to produce B 
(3-4, 5-6 become 3-6, 5-4). 
Interchange between two chromo- 
somes, neither of which was in- 
volved in interchange B but one of 
which was involved in the inter- 
change to produce C (5-6, 7-8 be- 
come 5-8, 7-6). 

Interchange between two chromo- 
somes, one of which regularly forms 
chiasmata in only one arm (11-12, 
13-14 become 11-14, 13-12). 
Interchange between 3 chromosomes 
(1-2, 3-4, 5 become 1-4, 3-6, 
5-2) as a result of simultaneous 
breakage and reunion involving 3 
chromosomes or in two steps where- 
by an established rearrangement 
such as B undergoes a second ex- 
change involving one of the pre- 
viously changed chromosomes (3-2, 
5-6 become 3-6, 5-2). 
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All of the above genomes would form 
9 bivalents when homozygous. The het- 
erozygotes AB, AC, AD, BF, and CF 
would be expected to form a ring of 4; 
the heterozygotes BC, CD, and AF would 
be expected to form a ring of 6 while 
DF would form a ring of 8. Two rings 
of 4 would be expected in the heterozygote 
BD. The plants that showed a ring con- 
figuration occassionally form a chain as 
a result of failure to form a chiasma in 
one arm (fig. 3G). However, certain 
plants regularly exhibited a chain of 4 
and are assumed to be heterozygotes of 
the type AE in which one of the chromo- 
somes involved in the translocation has an 
arm (13) in which chiasmata do not nor- 
mally form. A chain of 4 and a ring of 4 
would be found in plants heterozygous for 
genome E and B, C or D. 

All of the translocation heterozygotes 
showed a regular alternate separation of 
the rings and chains. Only one possible 
exception was seen in 1 cell of a single 
plant where adjacent separation was in- 
dicated in a ring of 4. 

In addition to the plants with the usual 
translocation configurations were 3 with 
only the basic 18 chromosomes but which 
consistently formed 7 bivalents, 1 trivalent 
and 1 univalent (fig. 31). Translocation 
alone can hardly account for this interest- 
ing phenomenon. As an initial hypothesis 
to explain this observation it can be as- 
sumed that a chromosome, 1-2, has un- 
dergone a structural rearrangement, per- 
haps a pericentric inversion, resulting in 
a chromosome 1’—2’ (genome type G; see 
fig. 4) which is genetically equivalent to 
1-2. However, the effect of this rear- 




















rangement must be such that the chiasma 
frequency between arm 1 and 1’, 2 and 2’ 
would be greatly reduced in the heterozy- 
gote. The hybrid AG then would be ex- 
pected to form at meiosis either 9 bivalents 
or frequently 8 bivalents and 2 univalents. 
Two plants with this behavior have been 
found. Ina plant of type DG we should 
expect to find 6 bivalents, a ring of 4 
and 2 unpaired or sometimes paired chro- 
mosomes. A plant like this has also 
been found. By crossing a plant of type 
B with one of type G one would expect 
plants with 7 bivalents, 1 trivalent (1-4: 
4-3:3-2), and 1 univalent (1’-2’). 
Since chiasmata are occasionally formed 
between 1 and 1’, 2 and 2’, the uni- 
valent would be expected occasionally to 
form a chiasma that would link it to the 
chain of 3. One cell in one plant showed 
this configuration. 

In the plants with 7, lim 1; the tri- 
valent always forms a V-shaped configur- 
ation with the middle chromosome going 
to one pole, the two end chromosomes to 
the other, while the distribution of the 
univalent seems to be quite at random 
(fig. 31). The univalent has not been 
observed to divide during first meiotic 
division and is regularly included with 
one of the anaphase groups of chromo- 
somes. It divides normally during second 
meiotic division and is seldom eliminated 
during meiosis. This should lead to 
gametes with 8, 9 or 10 chromosomes. 
Inasmuch as no plants with fewer than 
18 chromosomes have been found one 
may assume that gametes with 8 chro- 
mosomes are not functional. The gametes 
with 10 chromosomes could, if viable, give 














PRIMARY INTERCHROMOSOMAL INTRACHROMOSOMAL 
ARRANGEMENT REARRANGEMENTS REARRANGEMENTS 
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lic. 4. Types of chromosome arrangements found in Clarkia elegans. The genomes in 


dicated are only intended to show the types of rearrangements and not the actual chromosomes 
involved. Chromosomes that usually form a chiasma in each arm are diagrammed with equal 
arms ; those that usually form a chiasma in but one arm are shown with unequal arms. 





rise to plants having 1 or 2 supernumerary 
chromosomes. Gametes with 10 chromo- 
somes are also possible from the random 
segregation of univalents in the plants 
mentioned above that are 1-2/1’—2’ het- 
erozygotes. 

Since, as indicated above, there are at 
least two different chromosomes present 
as supernumeraries in some plants a 
genome H with the rearrangement 3’—4’ 
can be assumed. As in the case of 1-2 
and 1’—2’ the effect of the rearrangement 
must be such that the frequency of chiasma 
formation between arms 3, 3’, 4 and 4 
will be greatly reduced in the heterozygote. 

Twenty-one plants showed both multi- 
valent configurations and supernumerary 
chromosomes (fig. 3G, H, K). Three of 
these were of particular interest. They 
are the plants mentioned earlier that 
showed a great diversity of chromosome 
configurations at meiotic first metaphase. 
The various configurations shown by the 
three plants are tabulated below. The 
number of cells observed is indicated in 
parenthesis. 
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form a quadrivalent, 5-6: 6-3: 3-4:455 
and the chromosomes 3-4, 3’—-4’, 1-2, 
1-2’ remain unpaired we will see 6; lry 
4,. If either 3-4 and 3’-4’ or 1-2 and 1’-2’ 
should form a bivalent we would then 
find 71; lyy 2;. When the two 34 chro- 
mosomes form a bivalent one would find 
71 lint (4-5: 5-6:6-3) and 31 ( 3’, 
1-2, 1-2’). The extra 34+ chromosomes 
can join in the formation of a pentavalent 
(3-6:6-5: 54: 4-3: 3-4), leaving 3 uni- 
valents and 6 bivalents. 

The behavior of the chromosomes in 
plant 665-1 can be explained by assuming 
that it is homozygous for genome type 
B (i.e., 1-4, 2-3, 5-6, 7-8, etc.) plus 4 
supernumerary chromosomes, 1-2, 1’—2’, 
344, 3’-4’. 9, 4; would then be found if 
the 4 supernumeraries remained unpaired, 
10; 2; if 1-2 and 1’-2’ or 3-4 and 3-4’ 
were to form a bivalent and 1ly, if both 
formed bivalents. 8 ly 3; could be 
formed with the trivalent 1-2: 2-3: 3-2 
leaving 1’—2’, 3-4, 3’-4’ as univalents or 
if 3-4 and 3’-4’ were to join we would 
find On lin ly. Su liv 21 could have the 


680-1 (20 chromosomes) 655-1 (22 chromosomes) 589-1 (23 chromosomes) 
(2) 71 lint 31 (5) ilu (3) 1031 31 
(1) 711 Ary 21 (2) 1011 21 (2) Orr Unix 21 
(1) O11 ny 41 (3) 911 44 (3) 71 lev Ann 21 
(1) 611 ly 31 (5) Orr Unor 1s (1) Zi 2111 31 
(5) 91 Irv (1) 611 21y 31 


(2) 811 Ln 31 


(1) Orr ly ner 31 


(1) 811 Irv 21 
(2) 71 liv 41 


3 
(2) 71 2a 


21 


(1) 7u ly 31 
(1) Zar Liv User 11 


The configurations exhibited by plant 
680-1 can be explained by assuming its 
chromosome complement to be compa- 
rable to the hybrid CG, that is, with 6 
structurally homozygous pairs plus 1 het- 
erozygous pair, 1-2, 1’—2’, plus 4 chro- 
mosomes involving a translocation, 3-4, 
5-6, 3-6, 4-5, to complete the minimum 
complement plus two additional chromo- 
somes 3-4 and 3-4’. One of the extra 
chromosomes is homologous with the 3-4 
chromosome in the basic set. If then the 
4 chromosomes involving the translocation 


quadrivalent 4-1 : 1-4: +-3: 3’-4’ with 1-2 
and 1’—2’ as univalents or paired to form 
On liy. 7u 2m 21 would have the two 
trivalents 4-1 : 1-4: +3 and 1-2: 2-3: 3-2 
with 1’—2’ and 3’-4’ as univalents. If one 
or both of these univalent chromosomes 
were to combine with the trivalents we 
would have 7u liv lin ly and 7u 21v; 
respectively. 71 ly 3, could be 4-1: 1- 
4:43: 3-2: 2-3 with 1-2, 1’-2’, 3’-4’ as 
univalents. Finally 71 lry 4: would have 
the translocation ring of 4, 1-2: 2-3: 
4:41 with the univalents 1’—2’, 2-3, 3’4+’ 
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and 4-1. The combination of chromosome 
arms 1 and 1’, 2 and 2’ etc. must form 
a chiasma about 25 per cent of the time 
in order to account for the above con- 
figurations. 

In the same manner it is possible to 
account for the configurations of plant 
589-1 by assuming that it is homozygous 
for genome type C with supernumerary 
chromosomes 1-2, 1-2, 3-4, 1’—2’, 3’-+’ 

In the three plants 680-1, 665-1 and 
589-1, I have assumed duplication of one 
or two chromosomes of the basic set to 
account for the observed configurations. 
This duplication could arise from oc- 
casional unequal, 3 and 1, separation of 
a translocation ring of 4. One cell has 
been observed in a plant that regularly 
showed alternate separation which sug- 
gested that such a non-disjunctional sepa- 
ration might result (fig. 3]). 

The quadrivalents exhibited by plants 
665-1 and 589-1 were unlike those of 
any other plants in that they often showed 
adjacent separation rather than alternate 
(fig. 3K). However, it is obvious that 
if these plants have a constitution of the 
kind that has been proposed, most of the 
quadrivalents are very different from those 
of ordinary translocation heterozygotes. 
Even here the quadrivalents that are in- 
dicated as having the translocation ar- 
rangement 1-2: 2-3:3-4:4-1 always 
showed an alternate disjunctional arrange- 
ment while it was among those of the 
assumed types 4-1: 1-4:4-3:3’44 or 
3-4: 4-5: 5-4:4-3 that were variable in 
their orientation. 

Quadrivalents formed by four homo!- 
ogous chromosomes in Clarkia elegans 
also show both alternate and adjacent sep- 
aration. This is known from the behavior 
observed in autotetraploid pollen mother 
cells found in one anther of a plant that 
was otherwises diploid with 9 pairs of 
chromosomes. There were from 1 to 5 
quadrivalents or trivalents in each cell and 
these indicated both disjunctional and non- 
disjunctional separation (fig. 3L). 

Hakansson (1944) has suggested that 
the regular alternate separating of chro- 


mosomes in translocation heterozygotes in 
Godetia whitneyi is due to early and com- 
plete terminalization. In Clarkia elegans 
the presumed translocation heterozygotes 
usually had terminalized chiasmata while 
those in the autotetraploid were not always 
completely terminalized. However, there 
did not seem to be any particular correla- 
tion between the degree of terminalization 
and the orientation of the chromosomes in 
the autoteraploid cells. On the other 
hand, the behavior of quadrivalents in the 
autotetraploid and plants 665-1 and 589-1 
suggests that some factor associated with 
the sequence of the chromosome arrange- 
ment in translocation multivalents rather 
than the degree of terminalization insures 
alternate separation. 


DISCUSSION 

The origin of supernumerary chromo- 
somes in Clarkia elegans as a result of 
structural rearrangement and subsequent 
meiotic irregularity as indicated above 
can be tested experimentally. These tests 
are in progress, but in the meantime such 
an origin is sustantiated in good measure 
by the observations reported by Hakans- 
son and Hiorth on certain species of 
Godetia, a genus which can _ justifiably 
be considered congeneric with Clarkia 
(Hiorth, 1941). 

The supernumerary chromosomes re- 
ported in G. nutans? (Hakansson, 1945) 
and G. viminea? (Hakansson, 1949) are 
remarkably similar in most respects to 
those observed in C. elegans and may be 
exactly comparable. In all of these cases 
the supernumerary chromosomes have no 
detectable genetic effect. They are mor- 
phologically indistinguishable from chro- 
mosomes of the basic set but do not pair 
with them, although homologous super- 
numerary chromosomes pair regularly. 


2Some of the specific names used by Hiorth 
and Hakansson are not taxonomically valid. 
Godetia nutans Hiorth is properly called G. 
gracilts Piper. G. viminea as used by them 
refers to G. wtlltamsont’ Dur. and Hil. G. 
whitneyt of these authors is G. amoena (Lehm.) 
G. Don, while the species they call G. amoena 
is G. rubicunda Lindl. 
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An exception is found in the pairing be- 
havior of those supernumerary chromo- 
somes of C. elegans that are assumed to 
be structurally homologous with mem- 
bers of the basic set. Although struc- 
tural heterozygotes have not been re- 
ported in Godetia viminea or G. nutans, 
they have been found in their closest rela- 
tives. Godetia parviflora is so similar 
morphologically to G. viminea that the 
two have been considered conspecific by 
some authors. It was in G. parviflora 
(n =9) that the very interesting con- 
figuration of a trivalent and univalent 
formed by the basic chromosome comple- 
ment was first reported (Hakansson, 
1941). 

Godetia nutans (n = 14) has been dem- 
onstrated by Hakansson (1942) to be 
allopolyploid with one of the parents be- 
ing G. whitneyi? (n=7). Many struc- 
tural rearrangements of the chromosomes 
are known in G. whitneyt such that het- 
erozygotes may form configurations as 
involved as a ring of 12 (Hakansson, 
1942). Of particular interest is the oc- 
currence in this species also of plants with 
the basic number of chromosomes that 
form a trivalent and univalent ( Hakans- 
son, 1942). In addition to plants grown 
from seeds collected from natural popula- 
tions that had a univalent and trivalent, 
plants with this same chromosome con- 
figuration were obtained by crossing cer- 
tain inbred lines of G. whitney to other 
inbred lines from different races of the 
same species (Hiorth, 1947). This mate- 
rial was exceptionally valuable in that 
gene markers were available whereby 
particular chromosomes could be followed. 
One group of these plants, with a tri- 
valent and univalent from the dwarf 
mutant zw,, was unlike the similar con- 
figuration in C. elegans in that the two 
end chromosomes of the trivalent chain 
were of unequal size and the univalent 
lagged at metaphase and was lost in a 
large proportion of the cases. Another 
group of plants from the inbred line C?* 
that also had a trivalent and univalent 
was more comparable to the case in C. 
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elegans in that the end members of the 
trivalent chain were  indistinguishable. 
However, the univalent was usually elim- 
inated rather than being regularly included 
in one group of anaphase chromosomes 
as seems to be the case in C. elegans. 

In terms of the genome designations 
for Godetia whitneyi these plants were 
assumed to contain genome a (1-2, 3-4, 
5-H, etc.) and genome d” (1-4’, 2-3’, 
5-6, etc.) in which the 4’ and 3’ ends are 
assumed to possess an alteration causing 
early dissolution of the chiasmata that 
have formed so that the 3-4 member of 
the translocation ring usually appears as 
a univalent by diakenesis (Hakansson, 
1944). This is essentially the explanation 
that is advanced to account for the similar 
configuration in C. elegans. I can see no 
reason, however, why one should assume 
early dissolution of chiasmata rather than 
a reduced capacity to form them as a 
result of structural rearrangement. It 
seems probable in both instances that the 
univalent is often if not regularly paired 
in some measure with one or both end 
members of the trivalent chain but may 
only occasionally form a chiasma. 
Whether the alteration or rearrangement 
responsible for the univalent is located 
in the half chromosomes that terminate 
the chain or in the univalent itself as 
proposed for C. elegans may be in part a 
question of terminology that depends upon 
what one considers to be the original 
unaltered arrangement. 

Thus, although structural rearrange- 
ments are not known in the two species 
Godetia nutans and G. viminea for which 
supernumerary chromosomes have been 
reported, it is of considerable interest to 
find in the parental progenitor of one 
species and in an extremely close relative 
of the other species not only structural 
heterozygotes but the particular meiotic 
association of chromosomes that has been 
assumed to give rise to supernumerary 
chromosomes in C. elegans. 

If these supernumeraries have had an 
origin similar to that suggested it means 
that plants with one supernumerary are 
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genetically trisomics and that those with 
more supernumeraries are even more un- 
balanced genetically. Trisomics have been 
known in garden and laboratory materials, 
particularly in Datura and Nicotiana 
(Blaskeslee, 1934) (Goodspeed and 
Avery, 1939), for a number of years, but 
those that have been reported in these 
genera seem inevitably to have differed 
from the normal by detectable and often 
striking morphological characters and one 
might reasonably assume physiological 
differences as well. If the naturally oc- 
curring supernumerary chromosomes in 
Clarkia and Godetia are trisomics they 
differ from the Datura type in that they 
show no effects that cannot be attributed 
to the normal diploids. This apparent 
difference in the effects of trisomics may 
at least in part be due to the differences in 
variation found in a natural population 
where outcrossing is the rule as contrasted 
to that found in a relatively inbred garden 
or laboratory stock. Differences result- 
ing from an extra chromosome in the first 
instance might fall well within the normal 
range of variation and completely escape 
notice while the same differences in a 
less variable population might be con- 
spicuous. 

It has been demonstrated by Hiorth 
(1947) that individuals with an extra 
chromosome were produced when a plant 
of Godetia whitneyi with 5, lim 1: was 
selfed. These plants could be demon- 
strated genetically to be trisomics. They 
produced good pollen, had good seed sets 
and did not differ from normal diploid 
plants except for the particular marker 
genes. These plants did seem to be some- 
what less vigorous but it must be remem- 
bered that they were derived from inbred 
lines selected for particular marker genes, 
and it does not necessarily follow that 
naturally occurring trisomics would show 
a similar decrease in vigor. 

The cytological observations of Hakans- 
son and the breeding experiments of 
Hiorth on the Godetia species mentioned 
above suggest very strongly that there 
is a relation between structural heterozy- 





gotes and supernumerary chromosomes in 
Godetia and that the supernumerary chro- 
mosomes are duplicates of chromosomes 
that may form part of the normal comple- 
ment. The similarity between the cyto- 
logical phenomena observed in Godetia 
and Clarkia elegans is obvious. 

Another indication that the supernu- 
merary chromosomes in Clarkia elegans, 
Godetia viminea and G. nutans are actually 
duplications of chromosomes that may 
form a part of the basic set comes from 
still another species of Clarkia. Clarkia 
rhomboidea normally forms 12 bivalents 
at meiosis. However, pollen mother cells 
of one plant collected at Mather, California 
consistently showed 11, ly. It is not 
known whether the trivalent is formed 
by three homologous chromosomes or 
whether it is comparable to the 6; lin 
(4’-1:1-2:2-3’) found in the above 
mentioned trisomics in G. whitneyi pro- 
duced by Hiorth. In either case the in- 
dividual would be genetically a trisomic. 

There can be but little question that 
supernumerary chromosomes are being 
formed in certain populations of Clarkia 
and Godetia at the present time, and that 
these supernumerary chromosomes repre- 
sent duplications of chromosomes that are 
members of basic genomes. These du- 
plicated chromosomes supposedly contain 
functional genes although the effects re- 
sulting from the duplication of these genes 
are not of such magnitude that individuals 
possessing them are distinguishable from 
normal diploids. 

Whether or not these extra chromo- 
somes impart a selective advantage to 
individuals carrying them is not known. 
One might infer from the fact that over 
20 per cent of the individuals in an area 
the size of the State of Massachusetts do 
possess supernumerary chromosomes that 
they have not reached this distribution 
and frequency from chance alone but 
rather through positive selection. How- 
ever, it has been shown that structural 
heterozygotes may be selected in natural 
populations in preference to structural 
homozygotes (Dobzhansky, 1950; Darl- 





ington and LaCour, 1950). Therefore, if 
the supernumerary chromosomes are the 
by-products of structural heterozygotes, 
it may well be that it is the heterozygotes 
in the population that have a positive 
selective advantage and that the supernu- 
merary chromosomes are constantly being 
introduced into the population. In this 
way the number of supernumerary chro- 
mosomes could be built up within the 
population without possessing a positive 
selective value. 

Supernumerary chromosomes that orig- 
inate as duplicates of the basic set have sev- 
eral potentialities. If they impart a strong 
selective disadvantage to the individuals 
in which they occur they would be rapidly 
eliminated and kept at a very low fre- 
quency. If they impart an insignificant 
selective advantage they would remain in- 
definitely as duplicated chromosomes in 
the form in which they arose; or through 
subsequent structural changes, and muta- 
tion, they could lose all detectable ho- 
mology with chromosomes of the normal 
set and thus evolve into B type chromo- 
somes found in a number of organisms. 
White (1945) has suggested that super- 
numerary chromosomes could become 
bound to the normal set by acquisition of 
genes essential to the development of the 
organisms and that these genes could be 
acquired from the basic genome through 
translocation. The result would be a new 
genome that could give rise to a popula- 
tion with a new chromosome number. 
Hiorth (1947) has suggested that a super- 
numerary chromosome might become 
hound to the basic set by deletion in a 
basic chromosome of genes that were 
duplicated in the supernumerary and thus 
form a new genome which would then 
lead to the establishment of populations 
with different chromosome numbers. A 
new entity with an additional constant 
number of chromosomes could also be 
derived by the addition of supernumerary 
chromosomes if these extra chromosomes 
impart a selective advantage either as a 
direct result of duplication of the chromo- 
somes or of subsequent mutations. For 
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such a new entity to be derived it would 
not be necessary for the supernumerary 
chromosomes to impart a selective ad- 
vantage under all conditions. The posses- 
sion of supernumerary chromosomes 
could, for example, determine a cryptic 
physiological difference which under par- 
ticular circumstances might have a selec- 
tive advantage. These differences could 
be such as to increase the tolerance to 
extremes in environmental conditions, less 
susceptibility to certain diseases or other 
differences that would not be obvious 
under ordinary circumstances. 
Supernumerary chromosomes, _ then, 
that do not disturb the reproductive 
adaptedness of the individuals in which 
they occur are potentially of evolutionary 
significance in the formation of new 
adapted entities. There is no indication 
in Clarkia elegans that the supernumerary 
chromosomes possess the qualities that 
would contribute to the formation of such 
a new adapted entity. However, there is 
a strong suggestion in other species of 
Clarkia that this process, perhaps aided 
by chance distribution and microgeograph- 
ical restriction to recombination, has been 
an important one in producing the various 
chromosome numbers found in this genus. 
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SUMMARY 


Supernumerary chromosomes have been 
found in natural populations of Clarkia 
elegans throughout the South Coast 
Ranges of California from San Luis 
Obispo County to San Francisco Bay. 
Within this area about 20 per cent of 
the individuals sampled had from 1 to 
6 supernumeraries. The distribution of 
these individuals has been mapped. There 
are no obvious morphological or physio- 
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logical differences which distinguish plants 
with supernumeraries from those with the 
normal complement. It has not been 
possible to distinguish the supernumerary 
chromosomes from the normal comple- 
ment on the basis of meiotic behavior or 
staining. However, the meiotic configura- 
tions indicate that all of the supernumerary 
chromosomes are not homologous. 

Plants heterozygous for structural dif- 
ferences including reciprocal transloca- 
tions and probably rearrangements within 
chromosomes were found in over 25 per 
cent of the plants within the area in 
which supernumerary chromosomes oc- 
cur. The distribution of these plants and 
their meiotic configurations have been 
mapped. Among the structural heterozy- 
gotes are plants with the basic 18 chromo- 
somes which consistently show at first 
meiotic division 7 pairs, 1 trivalent and 1 
univalent. These plants produce micro- 
spores with 8, 9, and 10 chromosomes. 
To account for the observed meiotic con- 
figurations a primary gene arrangement 
and 7 derived genomes are proposed. 

Three plants which had supernumerary 
chromosomes were found to be extremely 
variable in their meiotic configurations. 
Chromosome complements involving du- 
plications of members of the basic set 
are suggested which can account for this 
variation. 

The supernumerary chromosomes in 
Clarkia (including Godetia) have prob- 
ably arisen as a result of structural re- 
arrangement of the chromosomes and 
subsequent meiotic irregularities involv- 
ing (a) failure of chiasma formation in 
certain structural heterozygotes followed 
by random segregation of the chromosome 
or chromosomes involved and (b) unequal 
separation of ring or chain configurations 
in translocation heterozygotes. Thus, it 
is probable that the supernumerary chro- 
mosomes in these plants are duplicates of 
chromosomes that may form the basic 
set. Plants that possess a supernumerary 
chromosome are, therefore, genetically 
trisomics. These assumed natural tri- 





somics are compared with known, ex- 
perimentally produced, trisomics. 

The possible evolutionary role of super- 
numerary chromosomes in the establish- 
ment of new adapted entities differing in 
chromosome number from their progen- 
itors is discussed. It is concluded that 
a process involving supernumerary chro- 
mosomes has been an important one in 
producing the various chromosome num- 
bers characteristic of Clarkia. 
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INTRODUCTION 


Pedicularis, a genus of the Scrophula- 
riaceae, is one of the largest genera of 
temperate flowering plants with somewhat 
around 600-800 species. The flowers of 
this genus show a range of diversity likely 
unequalled by any other genus, yet as a 
whole the genus is so thoroughly natural 
that attempts to subdivide it into sub- 
generic groupings are not even made. 
The extremely intricate pattern of evolu- 
tion in this great complex of closely re- 
lated species together with its vastly 
divergent trends of development indicates 
that this is a relatively young and ex- 
tremely active genus, and its deployment 
into a multitude of endemic species is 
essentially a process of its geologic present. 

The species are mostly perennial herbs 
and are semi-parasitic on the roots of 
grasses. This genus on the whole is an 
alpine-montane one, with very few spe- 
cies extending to altitudes lower than 
500 meters. Some species exist at the 
highest altitudes inhabited by flowering 
plants, as, for instance, altitudes above 
5,000 meters in western China and the 
Himalayas. The majority of the species 
are found at altitudes of about 2,500 to 
4,500 meters. 


ORIGIN AND DISTRIBUTION 


Earlier workers like Prain (1890) and 
Bonati (1918) believed that the genus 
originated in the Arctic region, the so- 
called “Circumpolar Province” of Prain, 
but the studies of Limpricht (1924) and 
the present writer (1948-1949) show 
that it most probably originated in the 
“Sibero-Turkestan Province,” particularly 


1 Present temporary address: Department of 
Botany, Smithsonian Institution, Washington, 
D. C. 
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along the Altai-Tienshan-Alatau range. 
From this center, there are three main 
routes of migration. One is directed 
eastward, to Manchuria and eastern Si- 
beria, and thence on southward to Japan, 
northeastward to the polar region, and 
eastward to Alaska and other parts of 
North America. The second route is 
westward to the Caucasus and Europe. A 
third route is southward to China, Tibet, 
and the Himalayas. Along with the re- 
cent elevating of mountain ranges in each 
of these areas, the plants have found 
places of favorable abode and thus de- 
ployed into multitudes of endemic species. 
Particularly favorable are the Alps in 
Europe, the Rocky Mountains in North 
America, and the Himalayas and adjacent 
ranges in western China. These become 
secondary centers of development. In the 
last-mentioned area, the rugged ranges, 
together with their cool alpine meadows, 
abundant moisture, and rich insect fauna, 
are most suitable for the existence of this 
genus and are particularly favorable for 
the multiplication of many locally endemic 
species. For instance, of the 282 known 
species from China, over three-fourths are 
found in the Sino-Himalayan region, in 
northwestern Yunnan and adjacent parts 
of Sikang, the greatest concentration of 
species of this genus and surely one of the 
highest aggregations of species of any 
genus of flowering plants in a limited area. 


VARIATIONS IN THE COROLLA STRUCTURE 


This vast assemblage of closely related 
organisms is in general easily differen- 
tiated into species. These are mostly well 
defined and readily distinguished by floral 
characters. Closely related species often 
show similar vegetative structures, but 
these are distinguishable by sufficient de- 
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tails to be recognized as distinct units. 
It is clear that in this genus vegetative 
structures are more conservative in their 
evolution and thus exhibit less variations 
than floral structures. 

Among the different floral organs, the 
most variable is the corolla. The corolla 
consists of a basal tube and of two distal 
lips. The upper lip is a compressed hood 
(galea) containing the anthers and styles 
and is sometimes prolonged into a beak. 
The lower lip is spreading and trifid. The 
tube varies considerably in length and may 
be either curved or straight. 

From the endless variations in the 
corolla-structure, four general types can 
be recognized: (a) the toothless, one with 
entire-margined galea; (b) the toothed, 
one with two teeth on the galea; (c) the 
beaked, one with the galea prolonged into 
a short or long beak; and (d) the long- 
tubed, one with both a beak and a slender, 
much-elongated tube. Among these four 
general forms, the toothless and the 
toothed ones, both without a beak, are 
evidently the more archaic, as they re- 
semble those of related but not highly 
differentiated genera. The beaked and 
long-tubed ones are derived from the 
beakless ones. The long-tubed ones are 
invariably also beaked, and these have 
clearly originated from the short-tubed 
but beaked ones. In regard to the tooth- 
less and toothed types, it is difficult to say 
which is the more primitive. Most au- 
thors regard the toothless as the more 








OW , b Cc d 
Fic. 1. Four general types of corolla in Pedic- 
ularis. (a) Toothless, (b) Toothed, (c) Beaked, 


(d) Long-tubed. 
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primitive, from which the toothed forms 
may have been derived. But in some spe- 
cies, the teeth are clearly rudimentary 
and not derived structures. They actually 
represent the vestigial tips of the original 
two petals that form the upper corolla-lip. 
Both toothed and toothless conditions may 
be carried into the beaked state (fig. 1). 

These four types of corolla do not 
actually exist as clear-cut groups, as 
species with corollas intermediate between 
the toothless and beaked, toothless and 
toothed, and short- and long-tubed condi- 
tions are very numerous. It is evident 
that gradual and continuous changes oc- 
cur in the evolution of the various types 
of corolla. As the genus is apparently 
young and active, the numerous existing 
species present us a reasonably complete 
picture of the evolution of the corrolla. 
The highest development of the corolla is 
among the long-tubed forms, the longest 
and most slender one being found in 
Pedicularis tenuituba Pennell & Li, a spe- 
cies of southeastern Sikang with a tube of 
less than 1 mm. in diameter and up to 11 
cm. in length. Such a species apparently 
requires an insect visitor possessing an 
extremely long proboscis. 


TRENDS OF EVOLUTION 


Former authors, including Stevens 
(1823), Maximowicz (1882-1888), Prain 
(1890), Bonati (1918), and Limpricht 
(1924), who monograph this fascinating 
genus in one way or another, place par- 
ticular emphasis on the corolla-structure 
and recognize these types as representing 
basic divisions in the classification of the 
genus. While such a system may be 
considered convenient for purposes of 
identification, it nevertheless obscures the 
true relationship between the species. 
These authors have not realized the fact 
that parallel evolution accounts for these 
seemingly similar structures. The differ- 
ent types of corolla-form represent differ- 
ent levels of achievement in the evolution 
of the corolla along distinct lines of devel- 
opment. These lines may be traced by 
using and analyzing both floral and vege- 
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tative characters. A revised system pro- 
posed by the present writer (1948-1949) 
attempts to delineate the phylogenetic 
trends of the genus and to show the nat- 
ural kinship of the various groups. Such 
a system consequently shows the vertical 
development of the genus while former 
systems show only horizontal groupings, 
that is, they are artificial systems based 
only on the obvious forms of the corolla, 
without taking into consideration other 
correlated characters. 

An analysis of the species-populations 
shows that similar forms of corolla may 
arise from several entirely unrelated 
stocks, while closely related species, with 
undisputable evidence of their intimate 
kinship in the structure of their foliage, 
inflorescence, calyx, etc., may bear widely 
different forms of corolla. In this genus, 
evidence points to the fact that leaves are 
more stable than flowers in its evolu- 
tionary history, and consequently related 
species generally show very close foliage 
resemblances. 

It is clear that species of this genus 
have remarkable potentiality, inherent in 
the genus as a whole, to be able to respond 
to their insect pollinators in the shaping 
of their corolla. The versatility is espe- 
cially pronounced in the variation of 
the corolla forms. Many of the species 
with less differentiated forms of corolla 
can be pollinated by bees in general, while 
others with highly specialized beaked or 
long-tubed corollas apparently require spe- 
cific pollinators in the form of certain 
lepidopterous or other insects with very 
long probosces. Their actual existence 
thus depends largely on the presence or 
absence of these special pollinators in the 
vicinity. 

The restricted alpine environment, the 
semi-parasitic habit, and especially the 
obligatory requirement of special pollina- 
tors account for the limited dispersal of 
many of the species. As a result of the 
very active process of species multiplica- 
tion in the genus a large number of locally 
endemic species are developed especially 
in the high mountains where geographical 


and ecological isolation are most effective. 
If a particular species of insect visitor dis- 
appears for some reason it is quite possible 
that as a consequence some highly special- 
ized species of Pedicularis, depending 
solely on it for pollination, will also be- 
come extinct. In the course of develop- 
ment of the genus, many species thus may 
have appeared and disappeared in relation 
to the change of the insect fauna. How- 
ever, because of the relative young state 
of the genus and the rapid rate of evolu- 
tion, there are still in existence a very 
large number of species showing divergent 
and continuous evolutionary trends and 
the phylogeny of the genus as a whole. 


UNRELATED SPECIES WITH 
SIMILAR COROLLAS 


In studying the development of the 
corolla-forms and structures in this large 
assemblage of species, two phenomena are 
evident. One is that two or more species 
of unrelated stocks may develop a nearly 
similar form of corolla. These species 
may be of the same or sometimes widely 
separated regions. They have apparently 
resulted from response to the same or 
similar insect pollinators. Another is that 
two closely related species with very 
nearly similar characters in foliage, in- 
florescence, calyx, etc. may have entirely 
different forms of corolla. One of the 
species is apparently derived from the 
other or its close relatives, with a more 
advanced form of corolla induced by the 
presence of a new insect visitor. 

To support the first case, numerous in- 
stances can be drawn. P. tantalorhyncha 
Franch. and P. maxontt Bonati have es- 
sentially the same type of corolla. Both 
are of the long beaked form with an erect 
tube and a beak extending in a straight 
horizontal position. The lower lips are 
about of the same size. But otherwise the 
two differ markedly in their calyces, styles 
and margins of lower corolla-lips. The 
former species bear verticillate leaves 
while the latter bear only opposite leaves 
and they belong to two different groups, 
P. tantalorhyncha in the series Pectinatae 
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of the section Orthosiphon and P. maxonii 
in the series Debiles of the section Brachy- 
phyllum. They both occur in northwest- 
ern Yunnan. Many similar examples can 
be detected both among the species of the 
same area or of widely different regions. 

The beaks that are found on the galea 
of many of the species are of great 
diversity. They may be very short or 
very long, erect or bending or coiled, 
and straight or twisted to one side, some- 
what suggesting resupination. [Each of 
these developments appears to be evolved 
independently many times. 

In the case of P. semitorta Maxim. and 
P. ducloxti Bonati, both have the galea 
twisted and they have slightly coiled 
beaks, which are of practically the same 
length, pointing forward. The two be- 
long to two closely related but distinct 
series Semitortae and Gyrorrhynchae re- 
spectively. P. semitorta is found in east- 
ern Chinghai and southeastern Kansu, 
while P. duclouxti occurs in the south in 
Sikang only. Each has its own intimately 
associated species with straight unbent 
galea and beaks of similar length and 
shape, a fact indicating that these two 
species are undoubtedly their respective 
derivatives. 

Besides the beak, another less common 
but equally pronounced structure is the 
crest found on top of the galea in some 


of the species. This unique structure 1s 
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(a) P. (b) P. 


cristatella, 
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Crested corollas in several unrelated species of Pedicularts. 
croizatiana, (c) 


generally present as a ridge such as in 
P. cristatella Pennell & Li, P. insignis 
Bonati, P. cranolopha Maxim., P. garniert 
Bonati, and P. croizatiana Li. These dif- 
ferent species belong to separate remote 
groups. PP. cristatella is an opposite- 
leaved species with short corolla-tube and 
a long straight beak. /P. insignis is an 
alternate-leaved species with also short 
corolla-tube but a very long, slender, 
coiled beak. The three last named species 
are closely related ones with alternate 
leaves, long tube and coiled beaks. That 
this crest is independently evolved from 
clearly distinct and unrelated groups is 
the logical explanation. 

Further development of this ridge-like 
crest results in the formation of a long 
slender process projected forward on the 
galea. This somewhat simulates an ad- 
ditional beak and gives the faulty im- 
pression of the beak being bifid. This 
very peculiar structure is found in three 
instances. In each case it occurs on a 
plant otherwise similar to another plant 
either with or without a ridge-like crest. 
The plants bearing this long appendage 
are recognized as varieties of the species 
that lack it. PP. cranolopha, mentioned 
above as with a ridge-like crest, has a 
variety /ongicornuta in Kansu, Chinghai, 
and northern Sikang, which carries a long 
slender process on the galea. P. mussott 
Franch., a short-tubed species of southern 
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P. garnieri, 


cranolopha, (e) P. cranolopha longicornuta. 
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Sikang and Yunnan, has a variety lopho- 
centra with a long, filiform, and acuminate 
appendage in front of the galea. P. 
siphonantha D. Don, a long-tubed species 
with twisted and coiled beak of the eastern 
Himalayas, has a variety birmanica in 
northern Burma with a long, slender, 
pointed crest. These three unrelated sets 
of plants, with distinct morphological 
characters and geographical locations, 
clearly have developed this striking struc- 
ture independently, a structure perform- 
ing some specialized and possibly similar 
functions that are as yet unknown (fig. 
2). 


CLOSELY RELATED SPECIES WITH 
DIFFERENT COROLLAS 


Turning to the second case, where 
phylogenetically close species display en- 
tirely different types of corolla, many 
obvious and illustrative examples can be 
similarly drawn. Among the species of 
Pedicularis, there are several very well 
marked groups characterized by certain 
conspicuous vegetative or floral characters. 
Among these is the section Pterioides, of 
the more highly evolved group Poecilo- 
phyllum. These are diffuse or trailing. 
rarely erect, plants, with slender usually 
branched stems and alternate as well as 
opposite or sub-opposite, long-petioled, 
deeply pinnatifid or pinnatisect leaves. As 
a section, it is a natural group character- 
ized by the presence of very large fern-like 
radical leaves, relatively small cauline 


Fic. 3. 
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leaves and more or less clustered subsessile 
to short-pedicillate flowers. This section 
comprises three series and is mainly con- 
fined to Szechuan province, with exten- 
sions to western Hupeh and northwestern 
Yunnan. Thus, as a group, it is dis- 
tinguished by both morphological char- 
acters and geographical distribution (Li, 
1950). Yet in this same group there are 
species with short tube and pointed but 
unbeaked galea like P. pteridifolia Bonati, 
species with relatively long tube and dis- 
tinct slender beak like P. phaceliaefolia 
Franch., and species with long tube and 
distinct conical beak like P. vagans 
Hemsley. Within a definite area, these 
obviously closely related plants exhibit 
quite different forms of corolla. 

There are two species, P. pentagona Li 
and P. dichotoma Bonati, both character- 
ized very strongly by the strictly opposite 
linearly dissected leaves and the inflated 
5-angled, finely reticulate calyces. These 
two form a very natural group, the sec- 
tion Polyschistophyllum, a distinct group 
of northwestern Yunnan and adjacent 
parts of Sikang. The first, however, has 
a beakless galea while the other has a long 
slender beak. They can be differentiated 
also by certain minor details but they 
agree so closely in practically all essential 
characters that 
distinguishable when flowers are not pres- 


the two are almost in- 


ent. 


Another very natural group with con- 
sistent floral as well as vegetative char- 


at 





Evolution of corolla-types in the section Lasioglossa. (a) 
P. sceptrum-carolinum, (b) P. dolichocymba, (c) P. 


ingens, (d) P. 


lophotricha, (e) P. trichoglossa, (£) P. recurva, (g) P. kialensis. 
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Fic. 4. Evolution of corolla-types in the section Cyathophora. (a) P. 


rex, (b) P. cyathophyllotdes, (c) 
cyathophylla. 
All figures x 1. 


acters is the section Lasioglossa. In all 
the species, the margins of the galea are 
provided with dense, long, multicellular 
hairs. The cauline leaves are all sessile 
or subsessile and mostly shallowly lobed, 
rarely pinnatisect. The stems are usually 
simple, bearing a long terminal inflores- 
cence of subsessile or short-pedicillate 
flowers. The section is a large one, com- 
prising many species that extend from 
Europe to northern Asia and eastward to 
Japan, but the majority of the species are 
found in the Himalayas and western 
China. 

The section contains species with rel- 
atively undifferentiated corolla like the 
common wide-spread P. sceptrum-car- 
olinum L., a species with reduced, obtuse 
or acute galea. These relatively primitive 
species are of the northern regions. 
Others, of more southerly distribution in 
Tibet, western China to eastern Siberia, 
are species like P. dolichocymba Hand.- 
Maz. and relatives, which bear corollas 
with a pointed slightly produced apex. 
Still others, confined to western China, 
are species with a short but distinct conical 


P. superba, (d) P. connata, (e) P. 


beak like P. ingens Maxim. and P. lopho- 
tricha Li. In this same general region are 
found other species with more advanced 
types of corolla, like P. trichoglossa Hook., 
a species with long cylindric beak bend- 
ing downward, P. recurva Maxim., a 
species with a similarly long slender beak 
but bending inward, and P. kialensts 
Franch., a species with a twisted galea and 
a long slender distinctly sigmoid and 
raised beak (fig. 3). 

Perhaps the most convincing illustra- 
tion showing the independent evolution 
of corolla-types is the section Cyathophora. 
This section is recognized as a taxonomic 
unit by all authors on this genus, as the 
“series Superbae,” because of its very 
distinct and coherent characters. All the 
species concerned have 4-verticillate 
leaves, the bases of which being dilated 
and connate form a cup-like structure. 
The section comprises some four series 
with altogether eight species and many 
varieties distributed in northern Yunnan 
and adjacent southeastern Sikang and 
southern Szechuan. The greatest concen- 
tration of both species and varieties as 
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well as individual plants is in northwest- 
ern Yunnan. 

Along this distinct and homogenous 
line of evolution we find species possess- 
ing all the fundamental types of corolla 
that are found in this genus. P. rex 
Clarke Has a short-tubed corolla with a 
distinctly toothed galea. P. cyathophyl- 
loides Limpricht has a short-tubed corolla 
with a toothless or obscurely toothed galea. 
P. superba Franch. has a_ short-tubed 
corolla with a galea ending in a long dis- 
tinct conical beak. Then in P. connata Li 
the corolla-tube is more elongated and the 
beak not only long and slender but also 
slightly curved. Finally P. cyathophylla 
Franch. has not only a long slender, 
strongly curved beak but also a greatly 
elongated cylindric corolla-tube (fig. 4). 

Yet in spite of these very diversified 
forms of corolla, no author has ever at- 
tempted to split up the group in order 
to fit these species into a system of clas- 
sification based fundamentally on the dif- 
ferent types of corolla-form. For in- 
stance, in Limpricht’s system (1924), the 
“series Superbae” occupies the awkward 
position of remaining in the “Bidentatae 
verticillatae,” reserved only for species 
with toothed short-tubed corolla, in spite 
of the fact that it equally deserves a place 
in three of his other divisions, “ Anondotae 
verticillatae,” “Rhyncholophae _ verticil- 
latae,” and “Longirostres Orthorhynchae.” 


CONCLUSIONS 


Evidence presented clearly demon- 
strates that the various forms of corolla 
have developed along repeated and in- 


dependent lines of evolution in the genus 
Pedicularis. The resultant resemblance 
of plants with regard to corolla tends to 
obscure their diverse ancestry. Parallel 
and convergent evolution has long been 
known to occur in flowering plants in 
major characters employed in the taxon- 
omy of higher categories such as sym- 
petaly, parasitism, position of ovary, etc. 
The case of Pedicularis shows that parallel 
and convergent evolution are actually the 
prevailing conditions in the development 
of corolla-form within a single genus. 
This variation in corolla-form is ap- 
parently the result of adaptive responses. 
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INTRODUCTION 


Although Euoenothera has proved to be 
unusual in many features of its cyto- 
genetic behavior, it has shown very little 
tendency toward alteration in chromo- 
some number. Most large genera of 
plants possess a considerable degree of 
aneuploidy or polyploidy, and this is true 
of some of the subgenera of Oenothera, 
such as Kneiffia or Hartmannia (Hecht, 
1942). In Euoenothera, however, nat- 
urally-occurring aneuploids or polyploids 
have been conspicuous by their absence. 
The few plants with aberrant chromo- 
some numbers which have been found 
(2n + 1, 3n, 4n) have been picked up in 
pedigreed cultures in experimental gar- 
dens. 

The cases to be reported here are the 
first cases of naturally-occurring euoeno- 
theras with aneuploid chromosome num- 
bers. 

The two strains under consideration 
are both characterized by the presence of 
extra, diminutive chromosomes. Both 
have come from California, but from 
widely separated localities within the state. 
One strain (Mono) was derived from seed 
collected in 1930 by Dr. D. A. Johansen 
in Mono Co., on the eastern slope of the 
Sierra Nevadas, at an elevation of 9,000 
it. The second strain (.Jataguey) was 
collected in 1934 by Dr. P. A. Munz, 
along Mataguey Creek, in the Volcan 
Mts., eastern San Diego Co., at an eleva- 
tion of 3,700 ft. These localities are 
about 500 miles apart. Both strains be- 
long to the hookeri alliance, but they 
differ materially in foliage characters and 

1Presented at the Seventh International 
Botanical Congress, Stockholm, July 17, 1950. 
Assistance of the Rockefeller Foundation and of 
Indiana University is gratefully acknowledged. 
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habit and are easily distinguishable. 
Mono has been described previously (Cle- 
land, 1935) ; it belongs to hookeri subsp. 
angustifolia of Munz (1949). Mataguey 
belongs to the group of hookeris described 
by Bartlett (1914) under the name of 
venusta, and is included in subsp. venusta 
by Munz. For a description, see Munz, 
1949, 


METHODS 


Until 1939, Bouin, plus chromic acid 
and lactose, was used as the fixative, and 
material was embedded in paraffin, sec- 
tioned, and stained in iron alum-haema- 
toxylin. Since 1939, fixation in Navaschin 
plus lactose, followed by smearing and 
staining with crystal violet, has been ex- 
clusively used. Use of picric acid (sat- 
urated solution in absolute alcohol) fol- 
lowing the staining process preserves the 
crystal violet stain so that slides made 
in 1939 are still good at the present writ- 
ing, eleven years later. 


DETAILED DESCRIPTION 


Mono 


Four plants from the first generation 
were tested cytologically. Two of these 
had the normal diploid number (© 4, 5 
pairs, in both cases). The other two had 
extra, diminutive chromosomes (7 pairs 
plus the extras). One of these plants 
had an extra pair of diminutives (fig. 5), 
the other had three extra chromosomes 
(fig. 1-3). 

Subsequent generations have been de- 
rived from the plant of the first generation 
which had 2 extras. Chart 1 shows the 
subsequent history of this race with re- 
spect to chromosome number. It will be 
noted that, starting with a plant having 
7 ordinary pairs and an extra diminutive 
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Fic. 1-6. Diakinesis and metaphase in Mono—Fig. 1-3. 
Metaphase in 1931, pl. 10 (2 accessories).—Fig. 6. Diakinesis 


3 accessories.—Fig. 5. 








6 


Diakinesis (1931, pl. 8), 


in (Hall 34 X 2n+2 Mono) F,, 4,2,2,2,2,2, plus 2. x 2,800. 


pair, this configuration has been main- 
tained with considerable regularity through 
the years, the only exceptions being one 
plant in 1934 and four plants in 1947, 
which had each lost one diminutive chro- 
mosome, having only one extra instead of 
two. 

With regard to the morphology of these 
chromosomes, the first point to emphasize 
is that they are not heteropycnotic. They 
are not more condensed in early prophase 
stages than the other chromosomes and 
cannot be distinguished from them until 
the individual pairs are separated from 
each other in diakinesis. Structurally 
they are identical with normal chromo- 
somes except in size. In Mono, they are 
about half as long as the other chromo- 
somes, and somewhat narrower in diam- 
eter. They have median spindle attach- 
ment regions. 

When the number of extra chromo- 
somes is two, which is generally the case, 
they behave perfectly normally in the first 
meiotic division, forming diminutive ring 
bivalents which disjoin with as much 


regularity as the normal chromosomes 
(fig. 5). Except for their small size and 
the fact that they raise the total number 
to 16, there is nothing unusual about them. 
They are associated in most cases at both 
ends, and have almost as high a chiasma 
frequency as the normal chromosomes. 
Thus, in one plant (1935, plant 2) the 
diminutives showed in diakinesis 57 cases 
of ring bivalents and 11 cases of chains 
of two (chains in 16% of the cells), as 
opposed to 203 cases of ring bivalents and 
14 cases of chains (7% of the cells) 
among the normal chromosomes (1.83 
half chiasmata per diminutive chromo- 
some, vs. 1.93 per normal chromosome ). 

During interkinesis the chromatids of 
an ordinary Oenothera chromosome sep- 
arate laterally and widely except at the 
spindle attachment region, the chromo- 
some thus tending to take on the shape of 
a Maltese cross. The region close to the 
centromere is charged with 
nucleic acid. The remainder of each arm 
is often very thin, with little nucleic acid, 
except at the distal end, where it often 
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forms a knob, which may be small or may 
attain considerable size. It is interesting 
to find that the extra chromosomes also 
form Maltese crosses ; in other words they 
are also diads (fig. 7-9). Each becomes 
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Fic. 7-9. Interkinesis in Mono (2n+2) 
showing accessory diad with chromatids sep- 
arated at the ends. X ca. 1,600. 

Fic. 10-15. Mataguey.—Fig. 10-12. Diakine- 
sis (fig. 10-11 from 1935, pl. 12, 6,2,2,2,2, plus 
2; fig. 12 from 1935, pl. 14, 2,2,2,2,2,2,2, plus 3). 
—Fig. 13-15. Metaphase (fig. 13 from 1937, pl. 
1, 2,2,2,2,2,2,2, plus 3; fig. 14 from 1939, pl. 
4, 2,2,2,2,2,2,2, plus 2; fig. 15 from 1935, pl. 12, 
6,2,2,2,2, plus 2). X ca. 1,600. 

Fic. 16-19. Diakinesis and metaphase in 
hybrids of Mataguey.—Fig. 16. Diakinesis in 
Camas X Mataguey (1949, pl. 11, 4,4,4,2, plus 
2). Fig. 17. Diakinesis in Mataguey X lowa 
6 (1943, pl. 2, 4,4,4,2, plus 3).—Fig. 18. Meta- 
phase in Mataguey X chicaginensis (1943, pl. 4, 
12, 2, plus 2).—Fig. 19. Metaphase in Camas 
x Mataguey (1949, pl. 10, 4,4,4,2, plus 1). X ca. 


1,600. 








a more or less typical Maltese cross, al- 
though small in size and with much shorter 
arms. 

In the second division, behavior of the 
extra chromosomes is as regular and 
normal as is that of the ordinary chromo- 
somes. They line up with the other chro- 
mosomes, and their chromatids separate 
in anaphase along with the rest. A small 
percentage of lagging has been observed, 
but the same is true of the ordinary chro- 
mosomes. The result of meiosis then is 
to produce from each sporocyte a quartet 
of spores, each of which carries 7 normal 
chromosomes plus one extra. 

In one plant of the first generation 
(no. 8), three extra chromosomes were 
present. In diakinesis and metaphase in 
this plant, the three extras formed various 
types of multivalent association (fig. 1-3) 
but as might be expected in view of their 
reduced size (which should lead to some 
tendency toward reduction of chiasmata), 
no case of complete asssociation was 
found, i.e., where all three chromosomes 
were associated with each other at both 
ends (which would require a minimum of 
four chiasmata). The various arrange- 
ments found in diakinesis and metaphase 
are shown in table 1. It will be noted that 
in about half the diakinesis cells there 
were 3 chiasmata per group of three 
diminutives, in the other half the num- 
ber was 2. In metaphase, however, the 
number of cells showing three chiasmata 
was reduced to about 14° of the total, the 
remainder showing two. Thus, a consider- 
able amount of breakage of chiasmata is 
indicated between diakinesis and the end 
of metaphase.” 

Where three extra chromosomes are 
present, they may be arranged in such a 
way in metaphase I that two of them are 


2 The amount of breakage may be even greater 
than here indicated, since it is possible that in 
some metaphase cells extra chromosomes which 
were scored as ring bivalents (two chiasmata) 
might have been chains of two. The chromo- 
somes are so small at this stage, especially in 
smeared preparation, that it is not always easy 
to be sure whether a diminutive bivalent is open 
or closed. 
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TABLE 1. 


Associations of extra diminutives in 2n + 3 Mono (1931, plant 8) 
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Minimum number 


Type of association 





of chiasmata 
per groupof Frequency 
three diminutives in diakinesis 


Frequency and orientation in 
late metaphase 








2 25 chain of 3 40 
adjacent chroms. 29 
to opposite poles 
2 adjacent chroms. 4 
to one pole, third 
to other pole 
end chroms. to 7 
opposite poles, 
middle one suspended 
2 1 ring bivalent, detached 14 
univalent 
3 22 ring bivalent, attached rod 8 
3 3 three rod chroms. attached 1 two chroms. to one 
at one end, radiating pole, one to the 
configuration other 
Totals 51 63 ° 











definitely headed for one pole, one to the 
other; or they may be arranged in such 
a way that the fate of one chromosome 
hangs in the balance. [In the latter cases, 
however, it seems that this chromosome 
would ultimately have passed intact to one 
pole in most instances since counts of chro- 
mosome number in interkinesis showed in 
most cases a distribution of 8 and 9 (7 
normal plus 1 diminutive in one nucleus, 
7 normal plus 2 diminutives in the other ). 
However, occasional departures from this 
behavior were observed. Thus, one cell 
was found with 7 chromosomes in one 
nucleus and 7 plus all 3 diminutives in 
the other. In four cases, each nucleus 
had, in addition to the 7 normal chro- 
mosomes, one diminutive and a single 
chromatid from a second diminutive. In 
other words, one diminutive had divided 
equationally in the first division. Two 
cases were found where lagging had re- 
sulted in a diminutive chromosome (in 
one case) or a single chromatid of a 
diminutive chromosome (in the other 
case) being left behind to form a dimin- 
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utive nucleus of its own. <A few cases 
were also noted of lagging in the first 
anaphase. In most cases, however, where 
a detached univalent was present in ana- 
phase, it showed a tendency to pass to 
one of the poles in advance of the rest 
of the chromosomes. 
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Mataguey 


Four of the five plants of the first 
generation examined cytologically showed 
two extra diminutives, which formed a 
pair, and disjoined and otherwise be- 
haved normally, as described for Mono. 
Three of these plants had only paired 
chromosomes (7 pairs plus a pair of 
diminutives) ; one plant had © 6 and 4 
normal pairs (fig. 10-11, 15), plus a pair 
of diminutives. The fifth plant showed 
three extras in one bud and two extras 
in another bud (fig. 12). These plants 
were examined cytologically after it was 
too late to self-pollinate them. As a result, 
the plant with © 6 and the plant with 
2 extras in part of the plant were not selfed 
and the present line is descended from a 
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CHART 2. Chromosome numbers in successive generations of Mataguey 








1935 pl. 2 pl. 7 pl. 12 pl. 14 pl. 19 
(7 prs +2) (7 prs +2) (© 6, 4 prs +2) (7 prs +3) (7 prs +2) 
(7 prs +2) 
1937 pl. 1 pl. 2 


(7 prs +3) (7 prs +3) 








1939 pl. 4 
(7 prs +2) 
| 
1941 pl. 7 pil. 9 
(7 prs +2) (7 prs +2) 
1942 pl. 7 
(7 prs +2) 
1 1943 pl. 1 
¥ | 
- , as me ————— — 
ei tac 1945 pl. 6 pl. 8 
“ > (7 prs +2) (7 prs +2) 
.| sof 
? v4 | 
> ee 
: 1947 pl. 1 pl. 2 pl. 3 
2 (7 prs +2) (7 prs +2) (7 prs +2) 





TABLE 2. Associations of extra diminutives in 2n + 3 Mataguey (1935, plant 14; 1937, plant 1) 











Minimum number Type of association 
of chiasmata aa -- - - - a ; (= - - 
per group of Frequency Frequency and orientation in 

three diminutives in diakinesis late metaphase 








0 1 3 separate univalents 1 
1 13 chain of 2, detached univalent 5 
- 2 10 ring bivalent, detached 20 
¥ | univalent 
2 47 chain of three 23 
adjacent chroms. 
to opposite poles 19 
end chroms. to 
opposite pole, middle 
one suspended 4 
3 2 ring bivalent, attached rod 0 


Totals 73 49 ( 
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plant with two extras and wholly paired 
chromosomes. The pedigree of this line 
is summarized in chart 2. It will be 
noted that both plants of the second 
generation had three extras, although de- 
rived from a plant with only two extras 
(fig. 13). One of these plants was selfed 
to produce the third generation, but, be- 
ginning with this generation, all plants 
examined have shown 8 pairs (7 normal 
pairs plus 1 diminutive pair) (fig. 14). 

The diminutives in Mataguey differ 
from those in Mono in only one respect. 
They are smaller, being not more than 
a third to a quarter the size of the normal 
chromosomes. Like those in Mono, they 
show no heteropycnosis. Where only two 
are present they form a ring bivalent or 
a rod which tends to disjoin normally. 











The diads tend to form diminutive Maltese 
crosses in interkinesis, although the arms 
are less well defined than those found in 
Mono. All spores normally possess a 
single diminutive and the race tends to 
breed true to the presence of a pair of 
extras. The diminutives always remain 
independent of the other chromosomes, 
showing that their ends are not homol- 
ogous with the ends of these chromo- 
somes. 

Being smaller than the extras in Mono, 
however, it is not surprising that chiasma 
frequency is lower in Mataguey than in 
Mono. Thus, in one plant having a pair 
of extras, 29 out of 45 diakinesis cells 
(64.4% ), and 12 out of 28 cells in late 
metaphase I? (42.8%) showed chains of 
two rather than closed pairs. Examina- 





TABLE 3. Extra diminutive chromosomes in F, hybrids involving Mono 
Number of plants showing 
different numbers 7 
different buds of 
Hybrid no extra 1 extra 2 extras 3 extras same plant 
1932 
Hall 34 &K Mono 4 
Hall 21 2 2 
Hall 30 2 
Mateo X 1 4 
1933 
Oakesiana X Mono 3 
Mono X Mateo 1(+0, +1, +2) 
1(+1, +2) 
xX Johansen 6 2 
1943 
Vono X chicaginensts 1(+0, +1) 
1(+1, +2) 
x grandiflora 
(truncata) 1 2 1(+1, +2) 
(acuta) 2 
X< lamarckiana 
(laeta) 4 1 1(+1, +2) 
X< shulliana 
(jugata) 1 
(maculata) 2 1 1 
1949 
Birch Tree 2 X Mono 1 1(+0, +1) 
Camas X Mono 2 








Total 51 
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TABLE 4. Extra, diminutive chromosomes in F, hybrids of Mataguey 








Number of plants showing 





different numbers in 
different buds of 





Hybrid no extra 1 extra 2 extras 3 extras same plant 
1936 
Mataguey X r-lamarckiana 
(laeta) l 3 
(velutina) 1 
< Johansen 1 8 
< hookeri l 1 
1943 
Mataguey X chicaginensis 3 2(+1, +2) 
x Iowa 6 4 l 1(+1, +3) 
1949 
Mataguey X Bestwater | 2 
X Bestwater 2 2 
X Birch Tree 1 l 
< Birch Tree 2 2 
< Camas 2 1 
< grandiflora 
(truncata 2 
Bestwater 2 X Mataguey 2 
Birch Tree 2 X 3 
Camas X 1 1(+1, +3) 
Chicaginensis X 2 
Shulliana X 
(jugata) 3 
(maculata) 2 
Waterbury X Mataguey l 
8 07 14 ! { 


tion of normal chromosomes revealed 
only one such chain of two out of 175 
bivalents in diakinesis, and 4 chains of two 
out of 96 bivalents in late metaphase I. 
This corresponds to a half-chiasma fre- 
quency of 1.35 per diminutive chromo- 
some vs. 1.99 per normal chromosome in 
diakinesis. While the number of cells 
analyzed is not large enough to be signit- 
icant, it is clear that there is a fairly strong 
tendency for diminutives to be attached at 
only one end in bivalent formation. No 
cases of complete separation of accessory 
bivalents into univalents were found, 
however, in cells where only two extras 
were present. 

It is interesting to compare the types of 
association of diminutives when three are 
present in Mataguey and Mono. Since 
the extras in Mataguey are smaller than 


those found in Mono, one might expect 
that types of association which require 
a lower minimum of chiasmata would be 
relatively more prevalent in Mataguey 
than in .Wono, and this is found to be the 
case (table 2, cp. table 1). Whereas 
diakinesis in Mono showed about an equal 
number of associations requiring three and 
two chiasmata, in Mataguey about 78% 
of the cells had associations requiring only 
two, only 3% requiring as many as three. 
In metaphase none of the Mataguey cells 
examined had arrangements requiring 
three chiasmata (vs. 14% in Mono); 
about 88% required two, the remainder 
only one or none. Thus the types of as- 
sociation found in 2n + 3 Mataguey sup- 
port the supposition based upon 2n + 2 
plants that chiasma frequency in the di- 
minutives is a function of their length. 














Outcrosses 


A number of crosses have been made 
involving both Mono and Mataguey, in 
some of which these races have been used 
as male, in others as female parent (fig. 
16-19). 

Examination of tables 3 and 4 will 
show that the diminutives are transmitted 
with apparently equal ease through sperm 
and eggs. This is perhaps not too un- 
expected, although it is by no means al- 
ways the case in other genera. What 
is rather unexpected is the frequency with 
which the number of extras has been in- 
creased or decreased in the F,s. Our ex- 
perience with Mono and Mataguey would 
suggest that multiplication or loss of 
diminutives does not occur frequently in 
the races themselves. Only one plant 
of Mono out of 38 examined has shown 
more than the normal pair of extras, and 
only five have lost one member of the pair. 
The record in Mataguey is slightly higher, 
but even here only 3 plants out of 17 have 
shown more than two extras and none 
have shown fewer than two. One would 
not look for a much greater deviation from 
expectation than this in the F,s. It is 
interesting, therefore, to find a consider- 
ably larger deviation than expected. Since 
these hybrids in all cases came from Mono 
or Mataguey plants with two extras, one 
would expect to find a single extra chro- 
mosome in each of them. In Mono, how- 
ever, the 51 F,s examined, involving 17 
complex-combinations, yielded only three 
plants which had the expected single extra. 
Twelve plants had no extras, 27 had two 
extras, two had three extras and seven 
had different numbers of extras in dif- 
ferent parts of the plant. In Mataguey, 
54 plants, involving 20 complex-combina- 
tions, included 27 plants with the expected 
single diminutive, 8 with no extra, 14 with 
two extras, one with three extras and four 
with a variety of conditions. Thus a half 
or more of all the plants examined had 
some other than the expected number of 
extra chromosomes (tables 3 and 4). 

It is difficult to understand why the 
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extra chromosomes should multiply in 
hybrids more readily than in the races. 
If, for instance, the same mechanism were 
to operate in Oenothera which is found in 
Anthoxanthum (QOstergren, 1947), one 
would expect aberrancies to be as fre- 
quent within a race as in hybrids hetween 
races. The fact that both races of Oeno- 
thera breed so true for a single pair of 
extras indicates that sperms and eggs in 
general carry a single extra, that there is 
little tendency for non-disjunction to pro- 
duce gametes with either two extras or 
none. The cause of the frequency of aber- 
rancy in F, is probably to be looked for 
within the F, hybrids themselves; in all 
probability non-disjunction in a somatic 
mitosis is responsible. 


DIscUSSION 
Origin of diminutives 


It is obvious that the development of 
accessory chromosomes is a rare occur- 
rence in Oenothera, since they have been 
found in only two of the more than three 
hundred races studied cytologically. In 
this respect, Oenothera is very different 
from Secale, in which accessories are fre- 
quently produced (Muntzing, 1944, 1945, 
1946, 1948). One possible suggestion for 
their origin is that they have arisen as a 
result of fragmentation of a chromosome 
in the normal complement. An _ extra 
chromosome provided via non-disjunction 
or polyploidy might have broken, result- 
ing in a fragment possessed of a centro- 
mere. In considering this possibility, one 
or two points should be borne in mind. 
In the first place, the pairing ends of the 
accessory are not homologous with any 
of the pairing ends found in normal com- 
plexes of the North American euoeno- 
theras, for neither in the races nor in the 
hybrids between races have the extra 
chromosomes ever shown any tendency 
to associate with any of the normal chro- 
mosomes. This means, therefore, that if 
the accessories have been derived from a 
normal chromosome, both of the pairing 
ends of the latter have been lost, the frag- 
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ment being composed wholly of material 
derived from the middle region of this 
chromosome. A second point is the fact 
that the diminutives, like the normal chro- 
mosomes, have median centromeres. This 
would seem to indicate that, if they have 
been derived by fragmentation, they rep- 
resent an equal portion on either side of 
the centromere of the original chromo- 
some (requiring two breaks), or else they 
are isochromosomes, which include the 
centromere, or a portion of it, and the 
proximal portion of one arm of the orig- 
inal chromosome which has opened out. 
thus producing two arms which are iden- 
tical genetically, but with their genes in 
reverse order. Such a fragment would 
also require the occurrence of two breaks. 
(Isochromosomes, however, might be ex- 
pected, when present singly, to form ring 
univalents, which have not been seen.) 
If the diminutives arose by a process 
of fragmentation which has resulted in the 
loss of the original pairing segments, it is 
interesting to speculate on the mechanism 
by which they have achieved the pairing 
arms which they now possess. Perhaps 
the hypothesis suggested by Whitaker 
(1936) in an attempt to explain the pair- 
ing of extra diminutives in Tradescantia 
will apply also to Oenothera. Whitaker 
has evidence to show that the pairing 
extras in Tradescantia paludosa are frag- 
ments which represent median segments 
of a normal chromosome. Although only 
one-sixth the length of the normal chro- 
mosomes, these diminutives have almost 
as high a chiasma frequency. The chias- 
mata produced in these diminutives must 
be formed in regions which in the normal 
chromosome do not ordinarily form them, 
since the normal chromosome forms few 
interstitial chiasmata, most of them being 
terminal. Ability of the diminutives to 
synapse seems to suggest that there is no 
inherent tendency for distally placed loci 
in the normal chromosome to pair and 
form chiasmata more frequently than more 
centrally located loci. The concentration 
of chiasmata toward the ends in the normal 
chromosomes must therefore have some 
other explanation. In Tradescantia, there 


is a strong polarization of the chromo- 
somes during synapsis. Pairing is ap- 
parently initiated at the ends. Whitaker 
suggests that pairing proceeds slowly, and 
that during the time when it is extending 
back from the tip, the middle portion of 
the chromosomes is advancing to a stage 
where chiasma formation becomes dif- 
ficult; hence chiasmata are confined 
largely to the end segments. Removal of 
the end segments by fragmentation would 
probably result in the same process taking 
place in the truncated chromosome—the 
new ends would pair, and pairing would 
continue back from the tips as long as 
the advancing development of the chro- 
mosome would allow. Thus, one might 
expect very nearly as much pairing and as 
high a chiasma frequency in the shortened 
chromosome as in the unaltered one. 
This hypothesis may possibly apply to 
Oenothera as well as to Tradescantia. In 
this genus also, polarization probably oc- 
curs during synapsis, and synapsis prob- 
ably does not extend very far back from 
the tips of the chromosomes, resulting 
in chromosomes with only terminal or 
subterminal chiasmata. It may well be 
in this case, as well as in Tradescantia, 
that the usual failure of synapsis in the 
middle segments is not a result of in- 
herent inability to pair through structural 
incompatibility or otherwise, but only be- 
cause synapsis begins at the ends and does 
not reach the middle regions before they 
become too condensed to synapse. <A 
chromosome which had lost a terminal 
segment might still be able to synapse at 
the truncated end. One would then ex- 
pect a chiasma frequency almost as high in 
the truncated chromosome as in_ the 
normal chromosome. In Mono chiasma 
frequency is but little reduced and in 
Mataguey it is still above 1.0 per bivalent. 
If this hypothesis is correct, therefore, 
the pairing ends of the diminutives would 
be homologous with portions of the in- 
terstitial region of the chromosome from 
which the diminutives arose. One would 
not expect such homology, however, to 
result in chiasmata between diminutives 
and the ancestral normal chromosome, 





since chiasmata are confined to the polar- 
ized ends of chromosomes. 

There is, however, another possible ex- 
planation of the origin of the diminutives. 
They may not have arisen by fragmenta- 
tion from a chromosome of the normal 
complement, but may have been introduced 
from a source outside the North Amer- 
ican euoenotheras as a result of wide 
outcrossing. It is of interest to note 
that in certain subgenera of Oenothera, 
such as Raitmannia and Anogra, the chro- 
mosomes tend to be somewhat smaller 
than those in the North American euoeno- 
theras. It is barely possible that a hybrid 
between one of the hookeris and a race 
belonging to some other subgenus pro- 
duced a gamete which, in addition to hav- 
ing a full hookert complement, also ac- 
quired by non-disjunction a chromosome 
from the other parent. This, meeting a 
normal hookert gamete, produced a hook- 
ert plant with the extra chromosome. 
The chromosome thus introduced into 
hookert would have the typical Oenothera 
structure, so far as interstitial and ter- 
minal segments are concerned, since this 
is characteristic of the other subgenera 
also, but it would be smaller both in 
length and in diameter. It would prob- 
ably be sufficiently removed from the 
hookert chromosomes in its homologies 
to find pairing with any of these chro- 
mosomes difficult or impossible. Such 
difficulties of pairing have often been en- 
countered when different subgenera have 
produced viable hybrids (Hagen, 1950). 

Admittedly, we have no positive evi- 
dence for this suggested origin, apart 
from the fact that subgenera which have 
smaller chromosomes than those of the 
North American euoenotheras exist in the 
general areas where Mono and Mataguey 
are native, plus the fact that viable hybrids 
have been produced in a few cases be- 
tween the North American euoenotheras 
and other subgenera. On the other hand, 
it must be admitted that in certain other 
plants where foreign chromosomes have 
been introduced, these have had a marked 
effect upon the phenotype, which, as will 
be pointed out below, is not the case in 
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Oenothera (see O'Mara, 1940; Gerstel, 
1945). This may be considered as argu- 
ing against the likelihood that the extra 
chromosome was introduced from another 
subgenus. In any event, it will be in- 
teresting to discover whether crosses can 
be made between Mono or Mataguey and 
the representatives of other subgenera 
which grow in their vicinity. Through 
the kindness of Dr. P. A. Munz, seed of 
a number of strains of various subgenera 
growing in the vicinity of Mono and 
Mataguey have been received and at- 
tempts will be made shortly to cross the 
latter with them. 

The localities where Mono and Mat- 
aguey grow are some 500 miles apart. 
It is not likely that the accessories in the 
two races owe their origin to the same 
event, since none of the many other races 
in California which have been studied 
cytologically has shown their presence. It 
would be interesting to know whether the 
diminutives in Mono are capable of pair- 
ing with those in Mataguey. We have not 
had time so far to make the necessary 
crosses to determine this point, but we 
expect to do so at the first opportunity. 
In view of the considerable difference in 
size between the extra chromosomes of 
the two races, it is quite possible that the 
diminutives in the two races have stemmed 
from different sources and will prove to be 
incapable of pairing. 


Phenotypic effect 

In conclusion, a word should be said 
regarding the effect of these accessory 
chromosomes on the phenotype. We have 
not had much opportunity to study this 
matter in the races since both races breed 
so true to the presence of the extra chro- 
mosomes that comparisons have been 
rarely possible. In the few cases where 
plants with and without accessories have 
been present in the same culture, or where 
plants with differing numbers of accesso- 
ries have been present, no phenotypic dif- 
ferences have been found which were cor- 
related with these differences. During 
the first two garden generations of Mono 
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there was some segregation in bud color 
and leaf breadth, but these were independ- 
ent of chromosome number. 

The same is true of the hybrid cultures 
which have included plants with differing 
chromosome numbers. In the dozen or 
so cases of this sort, no recognizable dit- 
ferences have been found in phenotype. 
It is safe to say, therefore, that these 
accessories would have to accumulate in 
greater numbers than have been found so 
far before they would be able to influence 
the structure, growth or reproduction of 
the plants possessing them. The evidence 
suggests that such accumulation would be 
difficult. Apparently the initiation of ac- 
cessories is an exceedingly rare phenom- 
enon in Oenothera, and when they have 
been established, the tendency has been 
for the plants possessing them to stabilize 
on the basis of a pair of such chromo- 
somes, for which the plants tend to breed 
remarkably true. They are likely to be 
carried indefinitely, therefore, without in- 
fluencing to any extent the plants harbor- 
ing them. 

SUMMARY 


Mono and Mataguey are races of 
hookeri from California. They were 
found in regions about 500 miles apart. 
They are characterized by the presence 
of two (rarely one or 3) extra, diminutive 
chromosomes for which they tend to breed 
true. Except for size these chromosomes 
do not differ in morphology or in behavior 
from normal chromosomes. When two 
of them are present they pair with each 
other in meiosis and disjoin normally. 
They have never been found in association 
with the normal chromosomes, showing 
that their pairing ends are not homologous 
with any of the 14 pairing ends found in 
ordinary Oenothera chromosomes. 

In hybrids derived from outcrossing, 
these diminutives show some tendency to 
multiply, more than half of the F, plants 
examined having 2 or 3 extras in place 
of the single one expected. 

Possible explanations of the origin of 
these extras are discussed. They may 
have originated by a process of fragmenta- 
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tion which has resulted in the loss of the 
original pairing ends of a chromosome. 
Or they may have been introduced from 
another subgenus as the result of an in- 
tersubgeneric cross followed by hack 
crossing to hookeri. Some of the other 
subgenera have smaller chromosomes than 
Euoenothera. 

These extra diminutives have shown no 
noticeable influence on the phenotype. 
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NOTES AND COMMENTS 


CYTOTAXONOMIC ANALYSIS OF 


EVOLUTION IN PTERIDOPHYTA 


WarREN H. WAGNER, Jr. 


It may seem ironical that pteridophytes—the 
vascular plants most simple in anatomy and 
morphology among all living ones, and the 
lowest in evolutionary specialization—have until 
now practically defied efforts of cytotaxonomic 
investigators. There has been a basic need here 
for cytotaxonomic analysis, of the quality which 
has contributed so richly to the understanding 
of evolutionary problems in seed-plants. While 
there are numerous reports of chromosome 
numbers of pteridophytes in the literature, this 
is misleading. As Professor I. Manton has 
recently shown, only the reports of Osmunda 
reqgalis among this group of plants in Europe 
can now be accepted as accurate. The pter- 
idophytes have received copious attention in 
the past score of years from standpoints of 
morphogenesis, systematics, and phylogeny, but 
extensive cytological analysis with a view to solu- 
tion of evolutionary problems has not been 
heretofore undertaken. 

Professor Mcnton has presented in one volume 
the fruits of some 18 years of cytotaxonomic 
investigation on these plants, researches which 
are published here almost entirely for the first 
time.t The volume is intended primarily as a 
study of evolution, a preliminary comparison 
ef the evolutionary processes which can be 
revealed by cytology. The work is of high order 
in regard to voucher specimens and strict ad- 
herence to cytological accuracy. The principle 
was followed that what cannot be photographed 
cannot be used as evidence. Pertinent pioto- 
graphs, explanatory diagrams, and silhouettes 
of leaves and plants illustrate each problem, 
and effort has been made in the writing to 
present the subject not only to evolutionists but 
to non-cytological taxonomists and interested 
laymen as well. 

The author has been frank about the dif- 
ficulties encountered in her work. Expectedly, 
these plants were often frustrating to work 
with—in many cases because of the high chro- 
mosome numbers which have discouraged many 
others who have tried to study them. But there 
were also disheartening losses of research mate- 
rials as a result of air-raids and other effects of 
World War II, which interfered seriously with 
the investigation. In spite of these difficulties, 
the author has provided not only cytological 


1T. Manton. 1950. Problems of cytology and 
evolution in the Pteridophyta. Pp. i-xi; 1-316; 
plate, figures 1-279, tables 1-9, appendices I-IV, 
bibliography, index. London and New York: 
Cambridge University Press. $8.50. 
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facts for the plants studied but has added in a 
number of instances very useful notes on their 
natural history. A summary of all the chro- 
mosome numbers, the principal new facts re- 
corded, and descriptions of the techniques adopted 
are presented in several appendices which add 
much to the usefulness of the volume. The 
bibliography may be supplemented by that of 
D6pp in Verdoorn’s Manual of Pteridology 
(1938) in providing a broad view of the litera- 
ture of the field. 

The pteridophyte flora of Great Britain is 
the basis of the book, but in some cases the 
investigation has extended beyond, in connection 
with such special problems as hybridity, cytology 
of the Psilotaceae, and apogamy. The essen- 
tially floristic nature of the work makes it 
admittedly “spotty” in that no generic or species 
complex is treated by a world-wide analysis. 
We therefore have for the most part what 
amounts to points of light cast on the evolu- 
tionary problems of a large number of diffcrent 
groups, especially among higher ferns. These 
new facts make discernible some of the com- 
plexities involved, where in the future general 
illumination will result only from intensive 
cytological studies within the context of the 
single large taxonomic unit analyzed well over 
its entire range. 

To acquaint the non-specialist reader with 
broad evolutionary problems, Manton initiates 
the volume with a chapter on cytotaxonomic 
method, using her work on the _ seed-plants, 
Biscutella and Nasturtium, as concrete examples. 
Comparing these modern plants with the pter- 
idophytes, she poses the questions which strike 
the keynote of the work. Are the same cyto- 
logical evolutionary processes operative in the 
ancient group as in the modern one? If so, can 
more be learned of these mechanisms by observ- 
ing the effects accumulated for a longer time 
in the older group? As background, an illustra- 
tion in ferns of the cytology of polyploidy is 
provided by experimentally produced autopoly- 
ploid series of Osmunda regalis. Since in this 
case the haploids, triploids, and tetraploids so 
produced are unable to compete with the diploid 
sporophytes, the opinion is reached that auto- 
polyploidy by itself is without evolutionary 
significance. And chromosome studies of spo- 
rophytes raised by sexual reproduction from 
spores of triploid Osmunda reveal that only 
prothallia differing in not more than two chro- 
mosomes from the haploid or diploid state can 
even complete their life-cycle. 
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The cytological data presented on the nat- 
urally occurring British species of Dryopteris 
show at once that ferns are ready subjects for 
the cytotaxonomic method of evolutionary anal- 
ysis (a case where, in the reviewer's opinion, 
traditional taxonomy has succeeded only up to 
a certain point). The so-called “commonest 
and best-known British fern,” the Male-fern, 
Dryopteris filix-mas, is demonstrated on cyto- 
logical grounds to comprise three entities: a 
diploid species, an allotetraploid species, and an 
obligately apogamous species, each of them with 
supporting morphological distinctions. The 
apogamous species, Dryopteris Borreri, is found 
to be in polyploid series, from 2n to 5n, and 
the author has speculated on the probable origin 
of these. In other British entities of Dryopterts 
data are presented which support hybrid origin 
for some and ancient specific purity for others. 
Taxonomists are likely to disagree with the con- 
clusion that the Male-fern is a species which is 
younger than D. spinulosa, D. dilatata, and D. 
cristata since this conclusion apparently rests 
on the questionable statement that D. filix-mas 
in the broad sense occupies the Old World only. 
The typical form of this well-known plant ranges 
widely in North America, reaching southward to 
Mexico Where it is replaced by D. paleacea, a 
species similar to ). Borrerit, which extends to 
Argentina. 

In view of the current renaissance of interest 
in over-all systematics and phylogeny of ferns, 
it is noteworthy that Manton has discovered 
cytological evidence in support of splitting at 
least one of the traditional large and “unwieldy” 
genera of taxonomists. Chromosome numbers 
in the generic segregates formerly placed in 
Dryopteris—Thelypteris, Gymnocarpium, and 
Phegopteris—indicate that these are less closely 
related to Eudryopteris than are Polystichum 
and Cyrtomiunm. The chromosome numbers 
which were found in Athyrium and Blechnum, 
likewise, hold valuable new evidence against the 
traditional close association of these plants 
with the asplenioid ferns. This approach, there- 
fore, immediately recommends itself as an aid 
in the solution of the problems of the macro- 
evolution of ferns. 

The degree, however, to which all of the new 
cytological facts should find expression in tax- 
onomic nomenclature, especially at the species 
level, is a question which in the reviewer's 
opinion is somewhat disturbing. The European 
populations of Polypodium vulgare, for instance, 
are shown to exist as 2, 4, and 6n entities, 
which Manton considers worthy of recognition 
as distinct species. That these should be in- 
terpreted merely as varieties, based on an orig- 
inal diploid species, seems to me far more reason- 
able. Even if minute supporting characters are 
found, as in this case, specific designation is not 
yet warranted. Although Asplenium trichomanes 


and Dryopteris dilatata were also found to exist 
in diploid and tetraploid populations, Manton 
does not consider these distinct species even 
though pairing in the tetraploid appeared to be 
normal. 

The investigations of hybrids in Asplentum, 
Woodsia, and Polystichum may be expected to 
precipitate similar studies of the numerous puta- 
tive hybrids found in other parts of the world. 
(For example, I might note that the recently 
revealed populations of apparent hybrids of 
Cystopteris fragilis and C. bulbifera occurring 
over a wide range in the south central United 
States should provide an unusually interesting 
problem.) Only one putative inter-generic fern 
hybrid was treated by Manton, but the origin of 
it is still uncertain. It is suspected to be 
Scolopendrium sp. X Ceterach officinarum. Her 
statement, however, that this differs from all 
other fern hybrids in combining characters of 
not only two species but of two genera does not 
hold, and may be misleading. 

The problem of inter-generic hybridization in 
ferns appears to the reviewer to be one that 
particularly needs investigation because of its 
possible bearing on one of the most difhcult 
problems with which the fern phylogenist deals 
—that of repetition of characters, often surpris- 
ingly complex ones, in what are assumed to be 
entirely different lines of evolution. This has 
always been referred to as “parallel and con- 
vergent evolution” in ferns, and in many if not 
most cases is probably just that. But there 
remain numerous examples of fern genera which 
combine characters in such a way as to suggest 
reticulate evolution at a high level, where 
sharply different characters have been brought 
together in new combinations. Because of this, 
inter-generic hybrids assume special interest 
In eastern North America, for instance, there 
occur hybrids of Camptosorus and Aspleninm 
(A. inexpectatus, A. ebenoides, and very likely 
A. pinnatifidum). These remarkable plants are 
exceeded in their peculiar appearance only by 
the Central American P/euroderris, the parents 
of which are believed to be the morphologically 
very different genera, Dictyoxriphium and Tect- 
aria. But to my knowledge, only one of these 
(A. ebenoides) has ever been produced artifi- 
cally, and none has ever been studied cyto- 
logically. 

From the standpoint of the formation of new 
and distinct species the phenomenon of obligate 
apogamy is a particularly thought-provoking part 
of Manton’s work (Chapters 10 and 11). Ten 
examples of apogamous ferns were studied, be- 
longing to such diverse genera as /ellaca, 
Asplenium, Cyrtomium, and Pteris. The au- 
thor’s investigations confirm and enlarge greatly 
upon the prior works of Dépp. The two major 
phenomena involved in this type of life-cycle— 
abnormal doubling of chromosome number in the 








formation of spore mother cells, and the vegeta- 
tive production of sporophytes from gameto- 
phytic tissue with sporophytic chromosome num- 
ber—are described in detail, and _ beautifully 
illustrated by photographs. The writer con- 
cludes that “somatic organization of the lep- 
tosporangiate ferns lends itself rather easily to 
these aberrations.” Moreover, that “this is a 
complicated departure from the normal which 
is nevertheless repeated with almost monotonous 
identity of detail in every case which has arisen.” 
She finds it difficult to equate this phenomenon 
with anything of comparable nature in other 
groups of plants and animals, and believes that 
the whole abnormality must have arisen in each 
case suddenly. It is difficult for her to visualize 
any mechanism which would at the same time 
be reproductively effective for its development 
by stages. Furthermore, irregular pairing be- 
havior, she believes, points to species hybrid 
origin in practically all cases. 

Manton, therefore, concludes that hybridity 
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(say by arid habitats where ordinary sexual 
reproduction could not occur because of lack of 
free water) the apogamous habit would become 
established. Once fixed as the normal mode of 
reproduction of a particular fern, chromosome 
changes which interfere with pairing in diploid 
spore mother cells at meiosis could occur with- 
out effecting the apogamous life-cycle, and 
would be expected to accumulate. Such a fern 
would accordingly resemble a typical allopoly- 
ploid in cytological behavior. In one case only, 
that of Pteris cretica, has Manton suggested 
such a possibility as this—that apogamy here 
could have arisen not by an act of hybridization 
but by accumulation of translocations and other 
chromosome changes. This species occurs in 
2n, 3n, and 4n strains. In the present reviewer’s 
opinion statistical analyses of the correlation of 
direct production of sporophytes by gameto- 
phytes with increasing polyploidy are needed 
in the higher ferns, especially where apogamy is 
found in related species. If such a correlation 





in may actually cause apogamy, at least in the proves to be strongly significant in Pteris or on 
at ferns. This is the general hypothesis of Ernst Asplenium, for example, then the initiation of >> 
ts which has been rejected by a number of auihors, this type of life-cycle may be traced to the = 
It including Gustafsson and Stebbins. They sug- anomalies of spore mother cell production within =~ 
Is gest instead that hybridization may merely pro- pure species, which make possible diploid spores, eS 
S- mote successful recombinations of mutations in- and the consequent selective advantages of the a 
De volving the fundamental steps in the life-cycle; diploid gametophytes in certain habitats. . 
aS or that the hybrids themselves may possess The three species of Cyrtomium examined “> 
* such tolerance and vigor that any mechanisms were shown to be apogamous triploids. The cS ; 
ot which would preserve such combinations would fact that they are triploids was thought to st 
re be strongly selected. With the ferns alone, necessitate “an immediate or antecedent cross a © 
*h however, the fact noted by Manton, that no case between two dissimilar plants, at least one of 
st of obligate apogamy occurring as a local variant which must have been sexual.” But in these 
re within a pure species has been found so far, cases there are no existing dissimilar ferns 
ht seems to support her viewpoint. But workers which I can imagine to produce plants with such 
Ss, in various laboratories who at present are find- distinctive morphology (as is also the situation 
+t. ing additional examples in other ferns should in others of the ferns listed). But again, if 
re he stimulated by Manton’s conclusion to test environmental factors do indeed operate which 
m whether this generalization will hold in all favor this type of life-cycle, it is not inconceiv- 
ly new cases. able that sperms of diploid gametophytes could 
re Such an investigation is particularly desirable, fertilize archegonia of haploid prothallia of the 
Vv I believe, in view of the fact that such examples same population and thus insure polyploid game- 
ts given by Manton as Asplenium monanthes and tophytes for immediate fitness. 
ly the species of Cyrtomium are of themselves That apogamous ferns may be capable of 
f- relatively unique types. They particularly invite further production of new forms by hybridiza- 
se a search for ancestral forms of the same or _ tion with sexual ferns is suggested by the writer 
i- closely similar morphology which possess sexual in Dryopteris Borreri. As indicated earlier, 
9- reproduction. If it is true that the somatic however, this is a fern which has usually been 

organization of the leptosporangiate ferns lends classified as D. filix-mas in the broad sense, 
w itself easily to apogamy then why must it be and is morphologically very similar. Whether 
te expected to arise suddenly in each case by _ this capacity of hybridization with sexual ferns 
rt hybridization? Already Heilbronn has shown _ extends to the apparent hybrids of Pteris cretica, 
n that in one fern, Polypodium aureum, increasing the most generally known obligate apogamous 
“a polyploidy enhances the tendency toward direct fern, is a question which has long concerned me. 
a. production of sporophytes from gametophytic These apparent hybrids, the Hawaiian P. Hil- ‘ 
1- tissue. Only a slight tendency toward diploid Jebrandiit (cross with P. irregularis?), the 
ly spore formation would be required to initiate Philippine P. heteromorpha (with P. vittata?), 
yr obligate apogamy if this is the general rule. and the Assam P. Cadieri (with P. quad- 
aie If the resultant diploid gametophytes were riaurita?), not only appear to combine widely 


Strongly selected for a number of generations different frond structures but in the last two 
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examples appear to be hybrids between distantly 
related sections of the genus. In addition to 
this possibility of forming entirely distinctive 
new species by hybridization with sexual ferns, 
there is also the possibility that apogamous 
ferns may give rise to new entities by genic 
mutation and selection. The great capacity for 
variation witnessed in such important ferns as 
Asplenium monanthes over its range in nature 
and in Pteris cretica and Cyrtomium falcatum 
in horticulture suggests that selection and isola- 
tion could produce new species. Manton has 
actually introduced this possibility in the case 
of the three species and one of the varieties in 
the genus Cyrtomium as follows: “Since all 
three of the wild species and the one _ horti- 
cultural variety . . . have the same chromosome 
number, it must be further assumed that the 
morphological differences which distinguish them 
are secondary to their apogamous habit and have 
been developed later than this by a process 
presumably of genic mutation. It is obvious 
that in any apogamous species non-injurious 
mutations would tend to be transmitted in- 
definitely without disturbance or segregation.” 
In the reviewer's opinion the placing of apogamy 
before speciation in the case of Cyrtomtum is 
less likely than speciation being followed by 
apogamy (by the mechanism envisioned above) 
The entertainment of such radically opposed 
views on the nature of these apogamous ferns 
merely points up the intriguing possibilities that 
still need investigation. Manton has provided 
a substantial groundwork for all future studies 
of this evolutionary feature of the ferns. 

Her three chapters dealing with the other 
phyla of plants included in the Pteridophyta 
yield many interesting new facts. That on 
Equisetum treats the European species and one 
American species of this genus, all being shown 
to have approximately 108 chromosomes in the 
haploid condition. Of the two subgenera, Fu- 
equisetum reveals chromosome size smaller than 
does Hippochaecte. Three out of the 14 species 
examined show meiotic behavior of hybrids— 
two of these had already been known to be 
hybrids on other evidence in the literature, but 
the third, Equisetum Mooret, surprisingly, had 
been regarded as a pure species or subspecies. 
Among the Psilotaceae—last remnants of the 
most primitive phylum of vascular plants— 
polyploidy is known in Psilotum nudum and in 
Tmesipteris tannensts. But a number of interest- 
ing questions remain unanswered in this im- 
portant morphological group, on which further 
studies are now in progress. The lycopods dis- 
play low chromosome numbers in certain of the 
heterosporous genera, /soétes and Selagimella, 
and higher ones on the average in the homo- 
sporous genus, Lycopodium. Oddly, the com- 
ion L. Selago turned out to be the most difficult 
cytological object the author encountered, com- 








bining three technical problems—high chromo- 
some number (2n about 260), unpaired chromo- 
somes, and the peculiar antenna-like chromosome 
shapes characteristic of the genus. 

The most primitive ferns of the British flora 
reveal both the highest (2n about 500) and the 
lowest (2 = 26) numbers of chromosomes for 
ferns recorded in the work. The studies of the 
three local members of the Ophioglossaceae in- 
dicate that the familiar adder’s-tongue, Ophto- 
glossum vulgatum, has the highest chromosome 
number yet revealed in the plant kingdom, the 
gametophytic number about 250-260. Ophio- 
glossum lusitanicum has roughly half this num- 
ber, while Botrychium lunaria, on the other 
hand, shows the gametophytic number to be only 
45. The Osmundaceae, the most primitive of 
living leptosporangiates, are simple and uniform 


in their cytology, with » =—22 in nine species 
and three genera. Of the filmy-ferns, the single 
species of Trichomanes shows n=/72, but in 


Hymenophyllum one species has a gametophytic 
number of 18, and the other has only 13 

As Manton points out in introducing her con- 
clusions, any general survey of such a body of 
evidence is necessarily as partial and incom- 
plete as are the facts themselves. This final 
chapter is devoted to general conclusions of 
much interest to students of plant evolution. 
First and foremost, it is evident that the basic 
question underlying the investigation has been 
amply answered. Polyploidy and hybridization 
as seen in the flowering plants are so abundant 
in the Filicales that they have certainly played 
a role as mechanisms of evolution, and this 1s 
apparently true also of certain examples of other 
pteridophytes. In the British ferns many of 
the polyploid changes observed appear to be of 
recent date, and in a number of genera low and 
high-numbered forms occur in the same area. 
The effects of such mechanisms as polyploidy 
and hybridization have apparently accumulated 
to a greater extent in the pteridophytes than in 
the flowering plants, as would be expected from 
their greater antiquity. The monoploid numbers 
of the ferns fall mostly between 29 and 41 in 
contrast to 6 to 11 in the dicots. 

The results suggest that in these plants high 
chromosome numbers have high survival value, 
and that where polyploidy is common in a group 
the low-numbered species die out first. Further, 
the sudden appearance of allopolyploidy when 
parent species are brought together by changes 
of habitat is advantageous over the slower proc- 
ess of natural selection acting on the raw mate- 
rials (such as major genes, polygenes, or recom- 
bination of biotypes) and this may have been 
a factor in the survival of the polyploid forms 
A single case, that of H/ymenophyllum tunbrid- 
gense, has turned up where it seems to Manton 
there has been diminution of chromosome num- 


ber. 
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The author believes that aneuploidy char- forms in horticulture unlike most of the other 
acterizes relationships between higher taxonomic 3ritish ferns which have been so used. When 
units such as genera or groups of genera, and the genus Selaginella, with some 800 species, 
the fact that aneuploidy is found in the species and Equisetum, with only about two dozen, are 
of Lycopodium may indicate that a species of compared on their low and high chromosome 
this genus is equivalent to a genus in ferns. numbers respectively it suggests that the high 
She suggests also that aneuploidy may give re- numbers themselves may be a slowing factor 
productive isolation of a more effective kind on evolution. Carrying the thought further, the 
han polyploidy can, and in this way lead to author speculates that the ferns show a tendency 
genera rather than to species. In the reviewer's for high chromosome numbers which may ul- 


opinion more extensive studies of large tax timately swamp them. 

onomic groups may tend to alter this view. An attempt to correlate polyploidy with 
In species which do not display allopolyploidy geography in the ferns is made in Manton’s 

Manton considers genic mutations to be pre- comparison of the leptosporangiate ferns of 

sumably the principal means of evolution. She Great Britain and of the Salad of Moadtsice 

suspects further that the most essential clue The British are shown to have 53 per cent 


L 


to causal aspects of ev jonary mechanism lie: 
ausal aspects of evolutionary mechanism lies polyploids which suggests that there has been a 


wave of polyploidy. Of Madeiran ferns only 
42 per cent are polyploids. The author believes 
that the polyploidy of the fern flora of Englard 
records the effects of the Ice Age, while the 
polyploidy of Madeiran ferns is of a higher level 
where it occurs, and records world events of a 
different type and order. 

The varied facts presented in this useful 


in analysis of differences between species in 
which no gross cytological differences can be 
found. Chromosome shapes and sizes are still 
considered to be problematic as evolutionary 
changes, but diminution of chromosome size may 
be correlated with increase in polyploidy. 
Manton speculates on the possibilities of 
further evolution of new forms from the Pter- 
idophyta. She suggests that the formation of a . 
new large group of plants in the future is un- work, and the numerous suggestions which can 
likely since the only low-numbered forms are be derived from them, cannot fail to focus cyto- 


“specialized” or “stereotyped” (/soétes, Hy- logical attention upon these plants which they 


menophyllum, and Selaginella), or they had their have not received before. The years which 


greatest evolution in ancient times (Osmunda). Protessor Manton has devoted to this intricate 
That the latter genus may be an example of | study have resulted in a firm basis for what 
“Slowing down” due to cytological conditions promises to be a stimulating and rewarding 
themselves is suggested by the facts that the cytotaxonomic field. The volume represents a 
Osmundaceae are extremely uniform in nuclear substantial contribution to the knowledge of 
structure, and have had a scarcity of mutant plant evolution. 


SOME ASPECTS ON VARIATION AND EVOLUTION IN PLANTS! 


The author of the work, reviewed here, 1s situation in zoology, where the works of Dob- 
known to all botanists and geneticists as an hansky, Mayr, White, Rensch and Simpson have 
expert on critical plant genera. In his previous cleared up many evolutionary problems in their 

ublications he has combined a profound knowl larger aspects. “Evolution der Organismen,” 
of their systematics with studies of their edited by G. Heberer, unfortunately not quoted 
romosomal and genetical situation. He has ex by Stebbins, is modelled according to a pre- 
mined his taxonomical materials in nature and fixed pattern, specially adapted to animal spe- 
experiments as well as in herbaria. Since the cies and less suitable for phanerogams or for 
death of Fritz von Wettstein in 1945 he prob that matter cryptogams too. No doubt it involved 
ibly knows more about plant evolution than any = 4 giant task to collect and sift the abundant 
ther botanist now alive. Thereforea monograph = data on plant genetics, cytology, biogeography, 
on evolution published by him must be con- taxonomy into one volume. From this point of 
sidered an event. To this is added the fact that view Sestthine’ monograph is of a pioneer char- 


there are no modern text-books or monographs ater At the same time this fact explains why 


ont —_ > ) ¢ aete > . - ¢ ti th " a ‘ . 
n plant evolution available, in contrast to the the elegant character of, for instance, Dob- 


(; Ledvard Stebbins. 1950. Variation and zhansky’s “Genetics and the Origin of Species 
evolution in plants. Columbia University Press has not been possible to match, — . 
New York). Phanerogam species differ from higher animals 
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in a series of traits, which underlie their modes 
of evolution. (1) The majority of them are her- 
maphroditic. Self-fertilization prevails in nu- 
merous species. (2) Polyploidy is of frequent 
occurrence. In the temperate floras about 50 
per cent and in the arctic floras even more 
species are polyploid. (3) Asexual phenomena of 
various kinds: agamospermy, vegetative repro- 
duction, including vivipary, give individual bio- 
types a distribution and duration of life, which 
is not met with in animal groups. Agamospermy 
has been found to occur very frequently in many 
complex plant genera, especially in the families 
of Rosaceae, Compositae and Graminaceae. 
Vivipary, the propagation by bulbils instead of 
seeds, is concentrated to the families of Liliaceae 
and Graminaceae. The features presented above 
give to the plant species a series of interesting 
characteristics. The simple patterns of animal 
evolution by means of mutation, recombination, 
selection and isolation become more complicated, 
since we have to consider also the influence of 
the traits discussed above. The present author 
has tried to show that the Sewall Wright effect, 
of evident significance in animal evolution, is 
less valid in plant genera and species, especially 
in those possessing vegetative means of repro- 
duction: rooting branches, stolons, bulblets, 
bulbils, ete. 

In this connection I must point out that 
Stebbins’ treatment of the apomictic phenomena 
(in his Chapter X) implies a material rear- 
rangement of previous data and conclusions. In 
addition, he has considered the vegetative repro- 
duction and its consequences in several other 
chapters. In Chapter V (Genetic systems as 
factors in evolution) he shows that rhizomatous 
species of Graminaceae, forming clone colonies 
in nature, are predominantly self-incompatible 
and cross-fertilizing, in sharp contrast to the 
annual species, which are almost entirely self- 
compatible and self-fertilizing. Caespitose per- 
ennials occupy a middle position. In Chapter 
IV (Natural selection and variation in popula- 
tions) he indicates that there is an inverse cor- 
relation between the persistence and ability of 
vegetative reproduction and the perfection of the 
seed dispersal. The latter rises when the vigor 
decreases. These examples indicate the far- 
reaching consequences of growth habit on basic 
plant properties. No doubt, it is fundamental to 
the modes of vegetative distribution, to seed 
setting and dispersal, to the degree of poly- 
ploidy and to the diploid evolutionary lines. Un- 
til recently this feature was entirely forgotten. 
It is to the credit of Stebbins that he emphasizes 
it repeatedly, especially in his discussions of nat- 
ural polyploidy (Chapter IX). The well-known 
studies of Flovik in 1938 showed that arctic 
phanerogams are high-polyploid. This was 
originally, in accordance with Tischler’s ideas, 
thought to be an adaptation to low temperatures, 





giving to the plant species an increased winter 
hardiness. The explanation is, as pointed out by 
Stebbins, “that the floras of these latitudes con- 
tain an exceptionally high percentage of peren- 
nial herbs with efficient means of vegetative 
reproduction. Because of their growth habit 
such plants are more favorably disposed toward 
polyploidy” (p. 347). Muntzing’s important 
finding in 1936 that annual species possess lower 
chromosome numbers than do perennials has 
also been considered. In fact, Stebbins himself 
has in several publications shed further light on 
this intricate problem. He has shown by statis- 
tical analysis that woody genera and species of 
the temperate zone are mostly diploid. On the 
other hand, they often show such high basic 
numbers as to indicate an ancient allopolyploidy, 
for instance in the genera Platanus with x = 21, 
Fraxinus with x = 23, Tilia with x =41. In 
recent times polyploids have apparently been 
at a selective disadvantage, although amphi- 
ploids arose abundantly in the past. This and 
other facts open up interesting phylogenetic con- 
siderations. Stebbins often excels in specula 
tions, which are vague in character, but on the 
other hand they show his intimate knowledge of 
systematic relationships, paleontology and_ bio- 
geography. 

Another problem concerns the low basic num- 
bers of preococious annual herbs. Here the 
studies of Babcock and his co-workers on the 
genus Crepis have increased our knowledge 
considerably. There is, according to them, no 
doubt that the primitive species of Crepts pos- 
sess large tap-roots and that the rhizomatous 
species are derived from them (although the 
phylogenetic changes may be reversible: see 
Babcock in Evotution, 1950, pp. 358-359). The 
annual species in turn represent derived types 
and sections. Parallel with these alterations in 
growth habit the basic chromosome numbers 
have decreased from 6 to 5 or 4 and finally 
to 3 in some very extreme annual herbs. On 
the other hand they have risen by means of 
other processes, for instance amphiploidy, to 
numbers like 11 in the indigenous Californian 
species. These parallel happenings with regard 
to growth habit and chromosomal conditions are 
of a considerable interest from a general point 
of view. We may venture the suggestion that 
the precocious development is facilitated by small 
and few chromosomes. Since the heterochro- 
matin, according to Caspersson and others, is 
essential for nucleic acid and protein metabolism, 
we may expect that a decrease in heterochromatin 
or an inhibition of its activities will affect the 
rates of development and maturing. I entirely 
agree with Stebbins when he predicts (in Chap- 
ter XII, p. 472) that “it may become possible 
here to establish a definite relationship between 
the chemical constitution of the nucleus and 








certain highly significant morphological and 
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selection, so successfully carried out by Haldane, 











ow physiological characteristics of the plant.” Fisher and Wright, implies refined model cal- 

on I have dwelt at length with problems relating culations. However, I want to emphasize here 

on. to growth habit and life form since they influence that plant environments are continually shifting, 

tive the basic patterns of plant evolution. Personally they consist not merely in changes of soils and 

abit [ should prefer to have all the facts gathered climates but also of the internal constitution 

ard into one special chapter, where the life form of plant communities and biota. The reactions 

ant systems of Raunkiaer and his successors were of viability cannot be worked out thoroughly 

yer also duly considered. by statistical analyses. Our primary task is to 

lane Apomixis and polyploidy are, according to gather critical empirical data. It has surprised 

self Stebbins, blind alleys in evolution. The cor- me, when considering once more all the litera- 

on rectness of such an interpretation depends of | ture on this subject, how scarce they really are. 

re course on our point of view, on terminology The viability reaction of a strain or a mutant 

at and definitions. Anyhow, the chapters dealing depends on the type of environment and on the 

the with these complicated phenomena (VIII-X) community in which it takes part. A visual ex- 

sic are highly interesting and give to the reader new ample was published by Honing already in 1923 

ie basic facts and aspects. In the future many with regard to a cultivated species. He found 

21. more genera will no doubt show themselves to that a Nicotiana mutant, called deformis, gave 

om be agamospermous than known now and will non-flowering dwarfs in Java but flowered, grew 

te display extremely complex interrelationships of | three times as tall and produced abundant seed 

4’ species and sections. onl when cultivated in the Netherlands. A one-gene 

od W ith regard to the diploid through-way ot difference characterized also the tobacco variant, 

a, evolution one phenomenon has already been studied by Jones in 1921, the blooming of which = 

"a discussed, viz., the changes in basic number. was governed by the relative length of daylight = 

~~ Let me consider for a while another debated and sunlight. The most outstanding analysis ot ‘i 

al point, the relative importance of large versus this kind was, however, published by Brtcher se 

a small mutations, a fundamental problem dis- during the last world war (1943). He compared => 
cussed by Stebbins in Chapter III (pp. 91-96) of _ the viability of “large” mutants in Antirrhinum => 

i. his book. He is not entirely clear in his at- mayus under a set of varied exterior conditions : ~~ 

is titude concerning this point. His final conclu- temperatures of 5, 12, 25° C., as well as low, S 

“ sion (p 96) is that switch genes with large high and very high moisture contents. No : 

i phenotypic effects, as well as multiple factors mutant was superior to the mother strain under }- 

2 or polygenes with small ones, have probably standard conditions. The following table, con- > 

“ played a part in the origin of new evolutionary densed out of Brticher’s data, speaks for itself. - 

1S 

1e Total weight in milligrams (dry matter) 

wa R 4:1 R 4:11 R 3 R 2 R1 

a Standard 1180 3630 200 120 dead 

™ choripetala 230 

°s tonsa 250 

ae fessa heterozygote 2310 510 450 (145 mm. in height) 

“A alpina 400 100 70 190 dead 

if argentea 1090 5410 110 160 dead 

” olive green 770 290 190 (95 mm. in height) ) 
delicate 1470 140 160 (140 mm. in height) . 

” aestiva 240 120 dead 

d light green 60 30 (135 mm. in height) 

e , ’ 

t R 4: I—Artificial conditions. Light for 24 hours. Temperature beginning with 5° C., then 12° C. 

t | Low moisture content. Seedlings. 

1 ) R 4: Il—Equal to I but seeds instead of seedlings. 

; -R 3—Light for 24 hours. Temperature 25° C. High moisture content. Seedlings. 

; R 2—Light for 24 hours. Temperature 12° C. High moisture content. Seedlings. 

: R 1—Light for 24 hours. Temperature 5° C. Very high moisture content. Seedlings. 

1 

2 lines. A few pages before, however, he main- The fessa mutant is lethal when homozygous. | 


Its heterozygote is superior to the mother strain 
in experiments R 4:1, R 3, R2and R1. This 
illustrates another point of great interest, viz., 
that genes lethal when homozygous are often 
beneficial in heterozygous condition. The ex- 


tains that “the large body of evidence . . . com- 
pels us to agree with East that the deviations 
> forming the fundamental material of evolution 
are the small variations of Darwin” (p. 91). 

| The biometrical analysis of mutation and 
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ample emphasizes that what is progressive or 
degenerative, what is advantageous or delete- 
rious, what is sound or what is sick, depends 
largely on the type of environment in which 
the strain or mutant leads its life. Viability is 
a highly relative phenomenon. 

Without accepting the extreme views of Gold- 
schmidt (1940) we can safely assume, in ac- 
cordance with the final conclusion of Stebbins, 
that large mutations are ,essential in evolution, 
although they must be buffered by modifiers. 
On the other hand, there is no need to deny that 
small variations can add up to large changes. 
This is a view that is in no way new. In fact 
it was recently argued by Muller (in Genetics, 
Paleontology and Evolution, 1949). An opinion 
entirely contrary to that of Goldschmidt was 
expressed by Darlington and Mather (in their 
Elements of Genetics, 1949). They deny all 
evolutionary significance of large mutations and 
assume that the polygenes or small variations 
are responsible for all evolution. Their discus- 
sion and conclusion disagrees, I think, with 
the actual facts. 

In his monograph Stebbins cites neither Jones, 
Honing nor Briicher. Moreover no single pub- 
lication by Oehlkers has been discussed, al- 
though he has brought forward fundamental 
data on species hybrids in Oecenothera and, 
especially, in Streptocarpus (since 1940). 
Neither is Burgeff’s name cited, who in his 
publications of 1941 and 1943 showed “sys- 
temic” mutations to occur in the genus J/ar- 
chantia. Nor are the researches, carried out 
by Fritz von Wettstein and Renner during 
the war, mentioned, even in passing. In fact, 
the German literature has been disregarded to 
an astonishing extent. This is probably the 
reason why Stebbins does not know that the 
so-called Antirrhinum rhinanthotdes, according 
to Lotsy exemplifying the power of gene re- 
combination in effecting drastic changes, has 
lately been found to be due to mutation (Stubbe, 
1940; cf. Stebbins’ monograph, p. 285). 

The conflict of large versus small mutations 
is intimately connected with problems of 
viability and competition. In a monograph 
of this kind we should expect a rather ex- 
haustive discussion of what competition 1s and 
how it works. Stebbins himself has contributed 
to this matter by recent studies on natural 
survival of artificial amphiploids (in the genus 


7) 


Bromus; Chapter VIII, p. 332). He also cites 





the studies by Harlan and Martini from 1938 
(Chapter IV, pp. 109-113), which indicate that 
the competitive ability of a wheat or barley 
strain is often inverse to its productive capacity 
in unmixed stands. This is a fundamental fact 
of wide validity and was shown to occur in wild 
species, too, by the studies of Sukatschev on 
competition in apomictic dandelions (1928) and 
by Dobzhansky in Drosophila pseudoobscura 
(1950). The first to clear up the matter was E. 
G. Montgomery (1912, Agr. Exp. Sta. Ne- 
braska) in his studies of wheat and barley 
development. I have proposed to denote this 
important phenomenon after him as the Mont- 
gomery-effect. In the instances referred to 
above we know nothing about the genetical dif- 
ferences of the strains or clones involved. Put 
recently some one-factor differences in barley 
have been shown to imply the same inverse rela- 
tion of competitive power and maximal produc 
tivity. Even some chlorophyll factors, lethal 
when homozygous, increase the competitive 
ability in the heterozygous state, compared with 
the normal homozygote, although they diminish 
production, relatively seen, when competition has 
been annulled. These facts support the view of 
the relativity of the viability reaction. It is an 
impending task to have these problems analyzed 
fully. They form a central theme of the Dar- 
winian theory of natural selection, in its phase 
relating to the struggle for existence. Here 
we enter the domains of bioecology and sociology. 
Dr. Stebbins’ monograph indicates our lack of 
information. I know of no botanist other than 
Stebbins who would be able to solve the -in- 
volved problems so satisfactorily. 

These personal remarks of mine cannot be fin- 
ished without mentioning the two concluding 
chapters (XIII and XIV) on: “Evolutionary 
trends : external morphology” and “Fossils, mod 
ern distribution patterns and rates of evolution.” 


= 
— 


The ideas brought forward in these two chapters 
will certainly be contradicted in future debates of 
plant evolution but they combine, in my opinion, 
new and old facts in a profound way. 

Dr. Stebbins’ monograph will be welcomed 
by botanists and zoologists wishing information 
on cytogenetics, species problems and _ evolu- 
tionary trends. As a result of the stimulating 
quality of this work American botany should 
attain a leading role in future evolutionary 


research. 
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COMMENTS ON EVOLUTIONARY LITERATURE 


ErNst Mayr AND HARLAN LEwIs 


Evolutionary complexities in mountain butter- 
flies. The Pamir Mountains and the chains 
that radiate from there toward the northeast 
(Tian-shan), southwest (Hindu-Kush), and 
southeast (Kara-Korum and Himalayas) are an 
unbelievably complex system of ranges and 
ridges. Even more complex is the recent paleo- 
climatic history of the area with its cycles of 
glacial, pluvial, and arid periods. No wonder 
that the arrangement of the numerous highland 
populations of animals into the orthodox cat- 
egories of species and subspecies offers almost 
insurmountable difficulties. In the satyrid but- 
terfly (sub.) genus Aaranasa, which is restricted 
to this area, a casual analysis would indicate 3 
or 4 species. However, mapping the ranges of 
77 taxonomically distinct populations, it becomes 
evident that they comprise 14 to 16 distinct spe- 
cies, even though never more than 4 fly together 
at any one spot. Many species are almost al- 
lopatric but fly together in narrow zones of over- 
lap. But the situation is even more complex. 
K. josephi dissoluta and K. leechtt intermedia 
coexist together as good species in the Alai 
Valley, but completely intergrade in northern 
Pamir. 

Studying this monograph one has the im- 
pression that the authors had, at first, despaired 
of ever being able to classify the 77 recognized 
populations into the traditional categories of 
species and subspecies. Actually, the orthodox 
arrangement finally proposed by them indicates 
that borderline cases are not more frequent in 
Karanasa than in any other actively speciating 
group. “Where two or more kinds exist to- 
gether they are usually easily separated on the 
basis of certain combinations of characters.” 
“The study of variation divorced trom geograph- 
ical distribution ts futile.” 

A few interspecific hybrids are known and 
much evidence was uncovered indicating cryptic 
gene flow among species. Clines in certain char- 
acters frequently transgress species borders. 
Authors ascribe this exclusively to introgres- 
sion and do not discuss the possibility of selec- 
tive trends. Great emphasis is placed on the 
presence or absence of androconia (scent organs 
on the wings of males), but the great similarity 
of species in the Auebnert group with and with- 
out androconia suggests that this character may 
not be as important in some cases as in others. 

Neither author has lived to see the publication 
of this handsomely produced volume. There are 
numerous maps, diagrams, and 17 plates, 4 of 


1A. Avinoff and W. R. Sweadner. 1951. The 
Karanasa butterflies, a study in evolution. Ann. 
Carnegie Mus., 32, 250 pp., plates 1-17. 


which are colored. Although the analysis of 
this group is by no means completed, mainly 
owing to the geographical and political inac- 
cessibility of most of the area, it shows how 
much can be learned from a detailed taxonomic 
analysis of a complex group.—E. M. 

Intergradation between allopatric “spectes.” 2 
In a recent volume of Evo.ution (2: 266-278), 
Hairston and Pope discussed speciation in the 
salamanders of the Plethodon jordami group. 
In this analysis they treated jordani and metcalfi 
as two species because (although they were es- 
sentially allopatric) there was no evidence of 
intergradation in the zone of contact, in fact, 
no reports of co-existence at the same locality. 
More recent collections indicate that this is 
wrong. There actually are intergrading popula- 
tions and both shermani and metcalfi must be 
treated as conspecific with jordani. Detailed 
data are given on variability in populations of 
this group.—E. M. 

More spectes® The taxonomist of many 
groups of animals is in the tantalizing position 
of not being able to study speciation and other 
intriguing biological problems because the 
knowledge of his group is still too incomplete. 
Here is one example. In a fine survey of the 
known North American leafhoppers Oman enu- 
merates and describes 2,400 species. Of a couple 
of hundred of these, which I checked at random, 
only 17.6 per cent had been described before 
1900! A third was described from 1900-1924, 
28 per cent from 1925-1939, and 20 per cent 
from 1940-1949. A wealth of evolutionary in- 
formation will come from these leafhoppers as 
soon as a little more is known about their basic 
taxonomy. We are grateful to the workers who 
prepare this foundation—E. M. 

Size and altitude.* According to Bergmann’s 
Rule body size tends to increase in warm- 
blooded vertebrates with decrease oi environ- 
mental temperature. Many exceptions are found 
in the altitudinal variation of small mammals. 
It has been found for voles (.Wicrotus) and 
pocket gophers (Thomomys) that high altitude 
races tend to be smaller than those of adjacent 
lowlands. Stein shows this to be true also for 
moles (7alpa europaea). An altitudinal dif- 

= 





2 N.G. Hairston. 1950. Intergradation in Ap- 
palachian salamanders of the genus Plethoden. 
Copeia, 1950: 262-273. 

3’P. W. Oman. 1949. Nearctic leafhoppers 
(Homoptera: Cicadellidae). Mem. Ent. Soc. 
Washington, no. 3, 253 pp. 

#G. H. W. Stein. 1950. Grdssenvariabilitat 
und Rassenbildung bei Talpa europaea. Zool. 
Jb. (Syst.), 79: 321-349. 
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ference of only 400 meters may lead to the de- 
velopment of a dwarf race. East of the January 
isotherm of —8° C. the large central European 
race is also replaced by a smaller one. Stein 
reports other interesting differences between 
local populations of moles.—E. M. 


Adaptive characters in man. The body- 
; P , , Kgm.\ . 
weight/body-surface ratio ~ is greater 
m- 


(above 37) in European males than in the males 
of various tropical races (as low as 32.42 in 
Andamanese). There is little difference be- 
tween the examined slender desert races and the 
small races of the humid tropics. The selective 
advantage of a decreased body surface in tem- 
perate zone populations is evident.—E. M. 

Dispersal curves. Author shows that various 
curves of gene dispersal are leptokurtic. The 
reasons why there is a higher proportion of 
short-range and long-range dispersal than in a 
normal distribution are not yet fully understood 
in all cases —E. M. 

Environment and polymorphism.* The local 
variation in the banded snail Cepaea nemoralts 
has been quoted almost universally as an il- 
lustration of random variation and_ possible 
genetic drift. The authors show, however, that 
there is a very high correlation between the 
prevailing color type and the habitat in which 
the population lives from which the sample was 
taken. Populations from uniform background 
(beech woods, pastures) have a low percentage 
of banded snails; populations from very green 
backgrounds have a high percentage of yellow 
snails, etc. Superimposed on these trends, pre- 
sumably regulated by visual predators, may be 
a system of balanced polymorphism. This in- 
vestigation opens a new era in the study of the 
fascinating banded snails of Europe—E. M. 

Isolating factors in tropical birds® A study 
of the biology and ecology of sympatric species 
in 23 genera of tropical birds. Though in all 
cases the breeding seasons are largely over- 
lapping, no hybrids were observed. Two ex- 
ceedingly similar flycatchers, .\/ ytosetetes similts 
and granadensis, build indistinguishable oven- 
shaped nests in small trees. Often the same tree 
may have a nest of both species, but never two 
nests of the same species. The songs of even the 

> E. Schreider. 1950. Geographical distribu- 
tion of the body-weight/body-surface ratio. 
Nature, 165: 286. id., 1950. Les variations 
raciales et sexuelles du tronc humain. L’An- 
thropologie, 54: 67-81; 228-261. 

6A. J. Bateman. 1950. Is gene dispersal 
normal? Heredity, 4: 353-363. 

7A. J. Cain and P. M. Sheppard. 1950. 
Selection in the polymorphic land snail Cepaea 
nemoralis. Heredity, 4: 275-294. 

SA. F. Skutch. 1951. Congeneric species of 
birds nesting together in Central America. 
Condor, 53: 3-15. 


most similar sympatric species are always dif 
ferent. All the species have clearly distinct 
habitat preferences.—E. M 

Genetics of species differences.° The seven 
species of Xiphophorine fishes have a similar 
“gonopodium™” (male genital apparatus), a! 
though with constant specific differences. <A 
very detailed analysis of several hundred 
gonopodia of wild fishes, as well as of aquarium- 
bred hybrids between /ellert and maculatus, 
shows that hybrids are more or less intermediate, 
as is usually the case with species hybrids, and 
that the variability in the F:. is greatly in- 
creased. Some 10 per cent of the F. were 
indistinguishable from the parent species in 
individual characters. Backcross hybrids largely 
agree with the backcross parent. Although the 
authors assume that this indicates a_ specific 
difference composed of only a small number of 
genetic factors, they present additional evidence 
indicating considerable differences in the “poly- 
gene complexes” of these species.—E. M. 

Sexual selection nm a fish®® Males of the 
guppy (Lehistes reticulatus) have an excellent 
facility to discriminate between females of their 
own species and those of other species. The 
authors extend their earlier findings to pheno 
typically different genetic strains within Le/tstes 
“Wild-type” males from wild-type cultures pre 
fer to mate with wild-type females, if given a 
choice of an equal number of “wild-type,” 
“gold,” and “cream” females, and rebus mutandis 
the same is true for the males of the two 
mutant strains. Males can be conditioned (by 
exclusive association) to prefer mating with 
females of a strain different from their own. 
Although the method clearly establishes highly 
developed mate discrimination by males, it does 
not seem to eliminate entirely the possible role 
of the females in successful inseminations (con- 
trary to the conclusions of the authors). The 
method of the study consists of a recording ot 
the number of gonopodial contacts, but not the 
reaction of the females. Unless all the gono 
podial contacts are successful inseminations 
(which seems unlikely), it seems possible that 
the females also contribute to the isolating 
barrier.—E. M. 

Species discrimination.*: In certain species 
of Oriental Sarcophaga “copulation is attempted 





9M. Gordan and D. E. Rosen. 1951. Genetics 
of species differences in the morphology of the 
male genitalia of Xiphophorine fishes. Bull. 
Amer. Mus. Nat. Hist., 95: 409-464, 23 figs., 
2 plates. 

10C,. P. Haskins and E. F. Haskins. 1950 
Factors governing sexual selection as an isolat- 
ing mechanism in the Poeciliid fish Lebistes 
reticulatus. Proc. Nat. Acad. Sci., 36: 464-470. 

11H. T. Thomas. 1950. Field notes on the 
mating habits of Sarcophaga Meigen (Diptera). 
Proc. Roy. Ent. Soc. London (A), 25: 93-98. 
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hy the male irrespective of genus, species, or 
sex. Thus it may mount and endeavour to 
hook the terminalia under the hind end of . 

a Lucilia, a male Sarcophaga, a female Sar- 
cophaga (but of a different species), and so on, 
until a female of the same species is found. . . 
The female apparently provides no specific be- 
haviour or chemical stimulus which can serve 
for recognition by the male.” The female ap- 
parently permits completion of copulation only 
in the case of conspecific males.—E. M. 

Allopolyploidy in fishes..* Most coregonids 
have 72 chromosomes consisting of four sets of 
18. Coregonus asperi maraenotdes ot Zurich- 
See has only 36 (Kupka, 1948). Coregonus 
wartmanni of the Attersee has 72 chromosomes, 
which in certain preparations show a definite 
phase difference between two groups of 36 chro- 
mosomes. This suggests that allopolyploidy 
rather than autopolyploidy is involved. Author 
believes that the various “species” of Alpine 
coregonids are allopolyploids derived from three 
parental species, characterized by differences in 
their SAT-chromosomes.—E. M. 

Pleiotropic heterosis®® The gene Rt (for 
brown versus red testis color) is polymorph in 
European and American populations of the flour 
moth Ephestia kiihniella. The dominant ho- 
mozygote Rt Rt affects not only the pigmenta- 
tion of the testis but results also in greater 
speed of development and higher frequency of 
copulations. The homozygote rt rt is superior 
in viability. The heterozygote Rt rt is in every 
case at least equal to and possibly superior to 
the favored homozygote. Even if it were not 
superior in any individual character, this situa- 
tion would result (by summation) in a selective 
superiority of the heterozygote and bring about 
the observed balanced polymorphism. This in- 
vestigation reveals another case in which a 
“recessive” gene is dominant in some of its 
effects —E. M. 

Genes and mutations.°* Among many millions 
of Escherichia coli bacteria there are a few that 
are resistant to Streptomycin; in fact, some even 
require it for growth. This observation was 
used by Demerec as the basis for a fascinating 
study of mutation. Sensitive strains may mutate 
to resistance or dependence and vice versa. A 
study of additional characteristics (mutation 
rate, growth rate, biochemical requirements, 


12E. Kupka. 1950. Die Mitosen- und Chro- 
mosomen-Verhaltnisse bei der grossen Schweb- 
renke, Coregonus wartmanni (Bloch), des At- 
tersees. O0cst. Zool. Zeitschr., 2: 605-623. 

13E. Caspari. 1950. On the selective value 
of the alleles Rt and rt in Ephestia kiihniella. 
Amer. Nat., 84: 367-380. 

14M. Demerec. 1950. Reaction of popula- 
tions of unicellular organisms to extreme changes 
in environment. Amer. Nat., 84: 5-16. 


sensitivity to ultraviolet radiations, etc.) in- 
dicates that the so-called “reverse” mutations 
are not a return to the old constitution but an 
independent acquistion of the respective char- 
acteristics. However, all the mutability of this 
series seems to occur at a single locus. The rate 
of mutation in these bacteria ranges between 
5 x 10-8 and 1 & 10-1° as against about 1 x 10-5 
and 1 X 10-® in some genes of man. Experi- 
ments with radiation-induced mutations in 
strains of high or low mutability indicate that 
the strains with low mutability have fewer 
potential “sites” for mutation in the gene locus. 
These indications of differences in mutability 
and the nature of “reverse” mutations are of 
obvious evolutionary interest. It is particularly 
useful to have these additional facts on the 
possible inverse relation between length of 
generation and mutation frequency.—E. M. 

Evolution in Gossypium, a review of some 
recent literature.‘°-!® The factors contributing 
to the formation of new species in Gossypium 
have been variously attributed to allopatric dif- 
ferentiation, selection under cultivation, allo- 
ploidy, gene substitution, structural rearrange- 
ment, natural selection of genetic isolating mech- 
anisms, or combinations of these factors. 

The wild species of Gossypium are all “lint- 
less” and diploid. They occur in all of the 
continents which extend into the tropics or sub- 
tropics and for the most part they are allopatric 
and geographically restricted. Interspecific dif- 
ferences both within the genus Gossypium and 
in related genera have apparently arisen sub- 
sequent to geographical separation. The genet- 
ical and cytological differentiation between the 
different continental groups is much greater than 
that found within each group. The degree of 
differentiation is thus apparently correlated with 
the period of isolation. 

The evolution of cotton in the Old World 
from wild lintless species of Gossypium may 
have resulted from an initial selection by Man of 
a single gene mutant which governed the pro- 


15 J. B. Hutchinson, R. A. Silow and S. G. 
Stephens. 1947. The evolution of Gossypium. 
Oxford Univ. Press. 

167. B. Hutchinson. 1947. Notes on the 
classification and distribution of genera related 
to Gossypium. New Phytologist, 46: 123-141. 

17S. G. Stephens. 1950. The _ internal 
mechanism of speciation in Gossypium. Bot. 
Rev., 16: 115-149. 

18S. G. Stephens. 1950. The genetics of 
“Corky.” II. Further studies of its genetic 
basis in relation to the general problem of in- 
terspecific isolation mechanisms. Jour. of Ge- 
netics, 50: 9-20. 

19 R. L. Knight and J. B. Hutchinson. 1950. 
The evolution of Blackarm resistance in cotton. 
Jour. of Genetics, 50: 36-58. 
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duction of flattened, convoluted trichomes suit- 
able for spinning. Subsequent selection under 
cultivation eventually resulted in cultivated pop- 
ulations which were differentiated on a species 
level from their wild progenitors. Similar dif- 
ferentiation could presumably occur in natural 
populations following the establishment of a 
particularly adapted character. 

Evidence is presented which strongly suggests 
that the New World cottons, which are amphi- 
ploid, resulted from chance hybridization be- 
tween an Old World cotton introduced into 
South America by an early civilization and an 
endemic New World lintless species. The 
amphiploid derived from the chance doubling 
of the chromosomes in such a hybrid eventually 
gave rise to the superior New World cottons 
and completely supplanted the introduced diploid. 
Subsequent to their origin within the age of 
civilized Man, both the Old and New World 
cottons have become differentiated into species 
and lesser taxons. The Old World cottons G. 
herbaceum and G. arboreum produce a fully 
fertile Fi hybrid but the F. segregates are 
generally weak and inviabl 
thus retain their integrity even when grown 
together as mixed crops. In a similar manner 
the F; of the New World amphiploid species 


G. hirsutum and G. barbadense is fully fertile 


e. The two species 


but the F2 segregates are mostly weak or invi- 
able. 

As a result of his work with the above New 
World species Harland 2° some years ago sug 
gested that speciation in the cottons had resulted 
initially from multiple gene substitution whereby 


one modifying complex is substituted for an- 


other Subsequent work has left but little 
doubt that this has been an important factor 
in species differentiation. However, Stephens 17 
in a recent critical review of the cumulated 
genctical and cytological evidence has suggested 
that small structural rearrangements may play 
an important part in speciation There can 


hard!v be any question on the basi hi vi 
lard:y be any question the Dasis ol IS eV 


dence but that both genic substitution and struc 


tural differentiation have gone hand in hand 
in the formation of species in cotton. However, 


one still does not know to what extent the 
structural rearrangements may be causal, co- 
incidental, subsequent, or prior to genetic dif- 


ferentiation. The high 


é“ ” 


alleles 


| proportion of 
and “duplicates” which give unexpected com- 
plementary interactions is cited as possibly in 
dicating that biochemically new loci and small 
structural rearrangements are developed simulta 
neously. Whether or not small rearrangements 
do as a rule produce simultaneous biochemical 


20S. G. Harland. 1934. The genetical con- 
ception of the species. Tropical Agriculture, 
11: 51-53 (reprinted from Mem. Acad. Sci. 


U.R.S.S., 1933, No. 4). 
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effects is certainly open to question. However, 
structural rearrangements can set the stage for 
genic differentiation between blocks of genes by 
preventing effective recombination. It has often 
been pointed out that duplication of loci may lead 
to the formation of new genes either as a direct 
result of the duplication or through independent 
and subsequent mutation. The occurrence of 
complementary “alleles” need not imply the 
former. 

Stephens '® has further suggested that the 
occurrence and spread of certain complementary 
factors or pseudo-allelic systems in cotton dem- 
onstrates the validity of Dobzhansky’s 2! hy 
pothesis for the origin of genetic isolating mech 


anisms. On this hypothesis when two popula 
tions exist where hybridization is possible, and 
if hybridization leads to poorly adapted geno 


types, any factor which restricts interpopula 


— 
f 


S 


tional gene exchange 
spread until it becomes fixe: 
In cotton the character “Corky” is probably 


governed by a pseudo-allelic system. Abnormal 


1 
} 


: | 
e adaptive and thus 
1 


in the populations 


and sterile hybrids are formed when a genome 


of G. hirsutum marte-galante carrying factor 
X is combined with a genome of G. barbadense 
carrying factor Y. Both factors produce normal 


individuals when homozygous. Not all of the 
individuals of either species carry the factors 
which produce the degenerate heterozygote 
H{owever, of particular interest is the fact that 
the X and Y carriers are more frequent in the 
region where the two species are grown to- 


gether than where each grows separately. 


Furthermore, the X and Y carriers are reported 
to be replacing non-carriers in the area of spe 
Certainly such an increase would 


indicate that the genotypes that carry X and Y 


are particularly well adapted to that area but 
it does not necessarily follow that they are 


adapted because they produce degenerate hybrids. 
Production of inviable or sterile progeny, by 


lowering the effective fecundity of the parent, 
may place the hybridizing individuals at a dis- 


idvantage to non-hybridizers, and thus any 


factor which would prevent hybridization (e.g. 


i 
by preventing pollen of one species from grow 


: ——_ Ra , 11 a1; 
ing in the styie of another! well be acap- 


+ 


tive. However, adaptedness which will increase 
effective fecundity by preventing the formation 
of sterile or inviable hybrids is aside from the 
question of adaptedness ol genetic systems which 
effect isolation to the extent to which it 1s ef 
fective after genetic isolation is an accomplished 
fact. 

In the case of “Corky” and similar systems in 
cotton there is nothing to prevent hybridization 
so there is still a reduction of effective fecundity 


21 Th. Dobzhansky. 1941. Genetics and the 
origin of species (Chap. VIIL). Columbia Univ. 


Press. 
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to the extent to which seeds containing hybrid 
embryos are formed. The adaptedness of 
“Corky” must then lie in the evolutionary merits 
of inviable or completely sterile hybrids over 
fully “fertile” hybrids which segregate mostly 
inferior genotypes in the F. but which can 
potentially produce some fully viable and fertile 
combinations, particularly when backcrossed to 
one of the parents. It is difficult to see how 
parental types which produce completely sterile 
hybrids are thereby better adapted than those 
which produce a hybrid that may contribute to 
an occasional adapted genotype when _ back- 
crossed to the parents. On the contrary, it may 
be an adaptive advantage to populations to main- 
tain a limited though perhaps narrow channel 
for gene exchange and thereby greatly increase 
their potential variability and corresponding 
adaptiveness.*2 Witness in cotton, for example, 
the adaptive advantage of gene exchange be- 
tween genetically differentiated but interfertile 
populations as illustrated by the natural spread 
of resistance of “Blackarm” infection.'® 

Blackarm infection reaches epidemic propor- 
tions under certain conditions which would make 
carriers of resistance highly adapted. It is in- 
teresting to note that all of the major resistance 
found in Upland cottons grown in India and 
Africa can be traced to natural hybridization 
with variety punctatum. In G. barbadense, al- 
though it is for the most part susceptible, 
wherever resistance is found in Africa it has 
been traced to interspecific hybridization with 
G. hirsutum punctatum. The low frequency of 
resistance in G. barbadense is at least in part 
itfected by control of the seed supply. 

There is evidence for considering the produc- 
tion of partially fertile hybrids to have a greater 
adaptedness than the production of those that 
are completely sterile. Following this argument 
the only positive adaptedness is the production of 
fertile, not sterile, progeny, and internal isolat- 
ing mechanisms may be considered unavoidable 
consequences resulting from a combination of 
factors involving geographical and ecological 
isolation, gene mutation, structural and, or, nu- 
merical changes in the chromosomes.—H. L. 

Natural hybridization and the origin of new 
amphiploids.2*> Natural hybrids between three 
naturalized species of Tragopogon (Compositae ) 
can be found where the species grow together 
The diploid hybrids show very low fertility but 
four amphiploid colonies have been found which 
are fertile. These colonies are of particular in 
terest in that they are almost certainly of recent 


°C. Epling and W. Catlin. 1950. The 
relation of taxonomic method to an explanaticn 
of organic evolution. Heredity, 4: 313-325. 

28 M. Ownbey. 1950. Natural hybridization 
and amphiploidy in the genus Tragopogon. Am. 
Jour. Bot., 37: 487-499. 


origin. They are apparently true breeding and 
fertility is good although variable. Since in- 
dividuals having high fertility can be expected 
on the average to contribute more individuals to 
succeeding breeding groups, fertility should in- 
crease in these populations during the next few 
generations. The populations are small and 
since they have not yet spread from their point 
of origin, it is possible to examine them in their 
entirety. By following any changes which occur 
in these populations we may well gain a better 
understanding of the establishment of new genetic 
entities in nature.—H. L. 

Hybridity sclection in Campanula.** Using 
chromosomal interchanges as markers, it has 
been possible to demonstrate the existence of a 
“hybridity optimum” in a normally outcrossing 
plant. 

In this same paper it is interesting to find a 
diverse but related array of information concern- 
ing chromosomal abnormalities arising subse- 
quent to chromosomal interchange. Of partic- 
ular evolutionary interest is the formation of 
fertile individuals with 9 pairs of chromosomes 
derived from parental types with 8 as a result 
of a plant becoming homozygous for 2 com- 
plementary telocentric chromosomes derived 
from misdivision of the centromere of a meta- 
centric univalent. A monosomic plant arose 
which was deficient for a new interchanged 
chromosome. While this particular deficiency 
did not give rise to a new race with lowered 
chromosome number, it is suggested that it 
offers a means whereby deficiencies are tried 
out in nature, and if they succeed, a reduction 
in the basic chromosome number is accom- 
plished. It is of interest that both a poten- 
tial increase and decrease of chromosome num- 
ber are possible in species in which interchange 
heterozygotes are maintained. Whether or not 
changes in number will take place is apparently 
determined by the particular group. The basic 
chromosome number in Oenothera, for example, 
is not known to deviate from 7, although rings 
of various size are maintained in some species. 

BE. L. 

Evolution of the herbaceous plant stem.*5 
Herbaceous stems are derived from woody stems 
by the “proliferation of the ray tissue and its 
congregation into large radial tracts’ and by 
“thinning of the vascular cylinder through a 
decrease in cambial activity.” Many mechanical 
adaptations occur in primitive as well as in more 
specialized groups, and there is no apparent 
sequential line of evolution based on mechanical 


24C. D. Darlington and L. F. La Cour. 1950. 
Hybridity selection in Campanula. Heredity, 
4: 217-248. 

25 R. B. Smith. 1950. The role of mechanics 
in the evolution of the herbaceous plant stem. 
Bot. Gaz., 111: 262-286. 
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adaptations. A clear case of parallel evolution 
in many diverse groups.—H. L. 

Pollinating insects and breeding structure in 
plants.26 The relationship between the behavior 
of the pollinating vector and the breeding struc- 
ture of higher plants is obvious. The recent 
review 7° of the degree of flower constancy of 
bees and its evolutionary implications is thus a 
most welcome one. It points out conspicuously 
the meagerness of our information concerning 
the behavior of pollinating agents, especially 
those other than the domesticated honey-bee and 
bumble bees, in spite of the extreme importance 
ot these vectors as a determinant of the breed- 
ing structure of flowering plants——H. L. 

Incompatibility and evolution of  Angto- 
Sperms.** An important role in the origin and 
early diversification of the angiosperms has been 
assigned to multiple-allelomorphic incompatibil- 
ity of the pollen tube and the style. It is 
postulated that such a system could have arisen 
in a gymnosperm with a nearly closed carpel 
if pollen sometimes germinated on the carpel 
wall instead of at the micropyle of the ovule. 
Additional requirements are: (a) that three 
alleles occur at an incompatibility locus, (b) 
that this occurrence be coincident with certain 
conditions (e.g., a changing environment) that 
would favor the greater adaptibility resulting 
from maximum outcrossing. Under such con- 
ditions natural selection would favor (1) the 
establishment of more incompatibility alleles, 
(2) the complete closing of the carpel (to pre- 
vent illegitimate selfing) and (3) the develop- 
ment and maintenance of a style through which 
the pollen tube must grow. It is concluded that 
this process could hardly have occurred in more 
than one species and to this extent supports a 
monophyletic origin of the Angiosperms. 

A multiple-allelomorphic incompatibility sys 
tem which hardly restricts outcrossing and at 


26 Verne Grant. 1950. The flower constancy 
of bees. Bot. Rev., 16: 361-398. 

“7H. L. K. Whitehouse. 1950. Multiple- 
allelomorph incompatibility of pollen and _ style 
in the evolution of Angiosperms. Annals of 
Bot., N.S., 14: 199-216. 





the same time prevents selfing is considered 
especially desirable during the early stages of 
evolution of any group. The advantage of an 
incompatibility system in hermaphroditic plants 
over the outcrossing systems of dioecism (uni- 
sexuality) and dichogamy lies in the greater 
opportunity for genetic recombination. Di- 
chogamy encourages outcrossing but does not 
prevent selfing while dioecism limits gene ex- 
change in a breeding group to at most one-half 
of the number of individuals in the group. 

In view of the postulated advantage in ex- 
tensive gene recombination under certain condi- 
tions one might well wonder that hermaphrodit- 
ism has not been exploited by the higher animals 
—H. L. 

Geographic isolation and spectation.** The 
small genus | aseyanthus (Cucurbitaceae) con- 
sists of two species bordering the Gulf of 
California. Gentry suggests that these species 
owe their specific status to isolation in the early 
Tertiary while those entities designated as vari 
eties differentiated following mid-Tertiary isola- 
tion.—H. L 

Taxonomic method and evolution.*® The re- 
lationship between taxonomic method and an 
explanation of organic evolution has been sum- 
marized by the authors as follows: “The 
orientation of evolutionary research is still pre- 
dominantly taxonomic and concerned with de- 
lineation of typical character, its development, 
and its subsequent localization by reproductive 
isolation. These studies are essential to a proof 
of organic evolution. Put, contrary to tacit or 
explicit assumptions often made, knowledge of 
typical character does not, and cannot, disclose 
the processes that effect change of adaptedness 
or the development of typical character itself. 
These processes can be disclosed only by study 
of the particular relations that exist between the 
individuals of an effective breeding population 
and its effective environment.”—H. L. 


23H. S. Gentry. 1950. Taxonomy and evolu- 
tion of Vaseyanthus. Madrono, 10: 142-155. 

29 C. Epling and W. Catlin. 1950. The rela- 
tion of taxonomic method to an explanation of 
organic evolution. Heredity, 4: 313-325. 





SOCIETY FOR THE STUDY OF EVOLUTION 


REPORT OF THE SECRETARY FOR 1950 


MINUTES OF TUE CouNcIL MEETING at Ohio 

State University, September 11, 1950. 

The Editor's Report was approved, as was his 
recommendation to raise the number of copies of 
EvoLUTION printed from 1500 to 1700. The 
Editor’s request for an increase in his annual 
appropriation from $5000 to $5500 was likewise 
approved. 

The Editor’s recommendation that six As- 
sociate Editors (Class of 1953) be appointed as 
approved. The new members are: 

Edgar Anderson, Saint Louis, Missouri 

Crodowaldo Pavan, Sao Paulo, Brazil 

B. Rensch, Munster, Germany 

H. J. Muller, Bloomington, Indiana 

Pierre de Saint-Seine, Paris, France 

Herman T. Spieth, New York, New York 

In connection with the Editor's Report, the 
ieasibility of the expansion of the review section 
was discussed. It was the consensus that this 
section be expanded to include significant litera- 
ture in all fields of evolution and that the Editor 
be requested to ask the assistance of the con- 
sulting editors in suvomitting titles in their rep 
resentative fields for this purpose. 

The Secretary reported on the cost of printing 
the programs. In view of the decision reached 
at last vear’s Council Meeting, no abstracts were 
required, and the cost of printing programs was 
greatly reduced thereby, from roughly $100 to 
$30. , 

It was the opinion of the Council that ab- 
stracts should not be required in the future, not 
even for publicity purposes, the only possible 
use other than their publication in the program. 

The question of honorary subscriptions was 
discussed, and it was decided that a maximum 
ot four to five honorary subscriptions per year 
be taken up individually at Council Meetings. 
These subscriptions should be selected with the 
utmost care and preferably granted to outstand- 
ing students of evolution in countries not readily 
accessible. 

The Seertary also reported on the successful 
growth due to the membership drive and was 
instructed to extend a note of thanks to Dr. 


Dean Amadon for his work. The following 


statistics prepared by the Treasurer illustrate 
this growth clearly: 


Year Members Subscriptions 


1946 583 ite 
1947 618 95% 
1948 631 194 

1949 665 265% 


273 (est. 350) 
(85 unpaid, 
Sept. 1, 1950) 


1950 731 (est. 780) 
(64 unpaid, 
Sept. 1, 1950) 


Council Member Dice proposed that the 
membership of the Society be circularized prior 
to the next meeting concerning a new by-law 
relative to the following suggestion. The Pres- 
ident should on retirement automatically become 
a Council Member for a regular term. Thus 
the two last Presidents would automatically be 
Council Members for any one year, thereby as- 
suring continuity of policy and action taken 
by the Society. 

The President announced that he had received 
an official invitation from three members resident 
in California to hold next year’s meeting in the 
San Francisco Bay area late in June. It was 
voted to accept this invitation provided there 
was no serious conflict with other meetings. 
If the plans for the California meeting could not 
be realized, it was voted that the Society meet 
with the AIBS in September, 1951, in Min 
neapolis. 

The Secretary presented the official invitation 
of the American Institute of Biological Sciences 
to the Society to become a member. It was 
moved by Council Member Dice that the Society 
become affiliated with the AIBS and pay the 
annual fee of $100. This action is in conformity 
with the majority opinion expressed in a mail 
inquiry by Members of the Council. 

At the Annual Business Meeting on September 
12, 1950, the President announced the results of 
the elections as well as the other decisions 
reached by the Council Meeting. In the dis- 
cussion concerning the meeting place for 1951, 
the suggestion was made that research grants 
for travel be obtained should the meetings be 
held in California. 


Respectfully submitted, 


TuHeEopor Just, Secretary 
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